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ABSTRACT 

The  purpose  of  this  program  was  to  develop  two  thermal-shock- resistant 
composite  carbide  systems  that  could  be  reliably  used  with  hlgh-flame-temperature 
solid  rocket  propellants.  The  selected  systems  were  (1)  a  mlcrocoaposlte 
consisting  of  a  tsntalum/hafnium  monocarbide  and  tantalum/hafnium  alloy,  and 
(2)  a  tantalum-carbide  coated,  tantalum  carbide/graphite  hypereutectic. 

Fabrication  procedures  were  developed,  and  ambient  and  elevated  tempera¬ 
ture  properties  ware  characterized  for  both  the  micro composite  and  TaC-C  hyper- 
eutectic  systems.  The  composites  were  evaluated  for  thermal  shock  snd  chemical 
corrosion  resistance  in  a  hyperthermal  environmental  simulator  using  subscale 
inserts.  The  TsC-C  composite  exhibited  outstanding  thermal  shock  resistance, 
while  the  microcomposite  showed  excellent  corrosion  resistance. 

Scale-up  of  the  fusion  casting  of  the  TaC-C  hypereutectic  composite  to 
produce  4. 2-in. -die  by  3.0-in. -long  billets  was  demonstrated.  Two  solid  pro¬ 
pellant  motor  firing:  using  6500eF  propellant  were  conducted  on  nozzles 
containing  TaC-C  hypereutectic  throat  insert*. 
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SECTION  I 
INTRODUCTION 

This  report  preaente  the  reeulta  of  the  Advanced  Coaposite  Carbide 
Nozzles  Program  conducted  under  Contract  AF  04 (611) -11608  and  la  organized 
Into  the  five  baalc  areas  of  work:  (1)  development  of  micro composite, 

(2)  development  of  tantalum  carbide,  lined- tan talus  carbide /carbon  hypereutectic 
composite,  (3;  thermal-shock- resistance  evaluation,  (4)  chemical  corrosion 
evaluation,  and  (5)  demonstration  firing  tests. 

A  primary  objective  of  this  progrsa  vu>  to  develop  thermal-shoc::;- 
reslstant  composite  carbides  that  can  be  reliably  used  as  solid  rocket  nozzle 
inserts  Co  successfully  withstand  solid  rocket  propellants  having  high  flame 
temperatures  (+6800*F)  at  a  chamber  pressure  of  700  psl. 

A.  SIGNIFICANT  FACTORS 


The  two  moat  significant  factors  that  Influence  the  development 
and  performance  of  carbide  rocket  noasles  are  (1)  material  composition  and 
(2)  thermal  shock  resistance. 

1.  Material  Composition 

Composite  carbides  for  rocket  nozzle  applications  must  Incor¬ 
porate  a  ductile  matrix  to  increase  thermal  shock  resistance  and  a  carbide 
phase  to  provide  high  temperature  capability.  On  this  basis,  consideration 
must  be  given  to  the  following  factors: 

a.  Only  the  aonocarbidae  of  tantalus,  hafnium,  and  mixtures 
of  the  *vo  have  high  enough  malting  points  to  withstand  propellant  flame 
temperatures  in  excess  of  6®0Q*F. 
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X,  A,  Significant  Factors  (coat.) 

b,  The  due tils  phae*  within  the  carblds  astrlx  must  b* 
ehtmicslly  and  m tallurgi cally  stabls.  Low  waiting  temperature  phases  auat 
sot  font  bp  rase tl on  of  tha  carbide  structure  with  the  ductile  matrix.  In 
early  program  throughout  the  irduetrp,  this  p  rob  lea  of  internal  reactions 
resulted  is  the  failure  of  carbide  composites. 

c.  The  raw  Materials  auat  not  be  contaminated.  Impurities 
cam  reduce  the  melting  temperatures  of  the  high~tempersturs  phases  of  the 
composites  me  well  as  inhibit  the  formation  of  desirable  micros true turee .  In 
addition,  impurities  Inhibit  sintering  and  thus  reduce  the  subsequent  strength 
of  the  fabricated  insert. 

2.  Thermal  Shock  lasiatance  Factors 


Thermal  shock  failure  in  brittle  materials  occurs  when 
azcmaelvelp  high  stresses  created  bp  differential  thermal  expansion  imposed 
bp  thermal  gradients  emot  be  relieved  bp  elastic  or  plastic  flow.  These 
stresses  initiate  cracks  which  propagate  through  the  material  and  cause 
failure. 


The  thermal  shock  resistance  of  a  Material  Is  not  s  material 
property  but  it  dependent  on  complex  interrelationship#  between  the  materiel 
properties  and  its  environment.  As  s  result,  tbs  thermal  shock  resistance  of 
composite  bodies  cannot  be  clearly  defined.  A  number  of  investigators  have 
studied  thermal  shock  and  have  established  thermal  shock  and  property  relation¬ 
ships.  Although  these  relationships  cannot  be  determined  with  high  reliability 
there  la  some  correlation  of  thermal  shock  relationships  will*  thermal  shock 
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Bolcnd  and  Helton  (Reference  1)  reviewed  the  subject  of 
thermal  a hock  and  listed  the  five  thermal  chock  parameters  most  frequently 
used: 
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where 


R  ■  thermal  shock  resistance  index 
S  »  strength 
E  •  Young’s  modulus 

a  ■  linear  thermal  expansion  coefficient 
u  •  Poisson's  ratio 
K  ■  thermal  conductivity 

a  *  thermal  diffusivity  ■  — 

P  C 

where  c  «  specific  heat 
p  «  density 


The  properties  of  tensile  strength,  modulus,  and  thermal 
expansion  ere  the  most  significant  properties,  appearing  in  all  five  of  the 
relationships .  Though  conductivity  appears  in  only  three  of  the  relationships, 
its  Importance  in  establishing  the  thermal  gradient  makes  it  also  e  very  sig¬ 
nificant  property.  Foisson'a  ratio,  density,  end  specific  heat  c*n  lead  to  a 
better  understanding,  but  era  of  leaser  iaportence. 
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for  rocket  nossla  applications,  it  la  desirable  to  develop 
oopositM  with  high  taasila  strength  because  thermal  shock  cracking  generally 
laitiataa  la  tension.  Tba  aodulus  of  elasticity  of  the  composite  should  be  an 
law  as  poaalhle  to  allow  elastic  deformation  during  the  period  of  high  thermally 
ladmrrii  a  trees  gradients .  the  development  of  composites  with  low  thermal 
axpamslou  properties  results  in  e  lower  level  of  tensile  stress  Jn  the  cold 
rnifsrf  si  than  for  a  high  expansion  notarial  with  the  seme  temperature  gradient 
profile,  A  composite  with  high  thermal  conductivity  sl&lmises  the  thermal 
gradient  problem  which  could  create  critical  tensile  ot res tea  on  outside- 
diameter  of  no as  la  Inserts . 

B.  COMPOSITE  MAIM1AL  SELECT! OR 

Tbs  cosmos  its  matsrlals  evaluated  during  this  program  were 
selected  from  previous  work  at  Aerojet.  This  work  Indicated  that  composite 
mtarlala  consisting  of  a  natal  phase  and  a  carbide  phase  or  graphite  and  a 
carbide  phase  have  good  potential  for  reasonably  good  thermal  shock  resistance 
at  low  temperatures ,  and  at  the  sans  time  maintaining  refractory  properties  at 
firing  temperatures.  The  metal  phase  provides  low-temperature  ductility  and 
remittance  to  the  propagation  of  cracks.  Likewise,  the  graphite  phase  provides 
ramie taace  to  crack  propagation.  The  carbide  phase  provides  the  high- temperature 
properties .  A  brief  discussion  of  the  two  systems  Is  as  follows: 

1.  Micros  true  tural  Composite 

The  micros truetural  composite  Is  based  upon  the  Ta-Hf-C  phase 
diagram  developed  by  Aerojet  deference  2)  see  Figure  1.  Phase  equilibria  In 
tba  T*~af-C  system  show  that  at  the  composition  range  near  l0Ta/50Hf  and 
3QTa/40Sf  at  37  to  AO  atXC,  there  la  chemical  compatibility  between  metal 
alloy  and  refractory  momocorbide  over  s  vide  temperature  range.  KT  to  1850*C 
(33&l*F)<  In  addition ,  tbs  meaocarblda  at  this  composition  becomes 
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dlaptoportiouu  an  coolie;  below  approximately  2000*C  and  the  natal  alloy 
precipitate*  within  the  carbide  grains.  The  shifting  equilibrium,  shown  by 
the  shifting  of  the  boundary  line  separating  the  eonocaxbide  and  the  tvo  phase 
(A  ♦  •)  can  be  sees  by  coopering  Figure  2  and  Figure  3,  which  are  isothermal 
sections  at  1830*C  and  2000*C  (3632*F) . 

Upon  reheating  of  the  microcomposite,  the  metal  alloy  phase 
becoato*  a  dia appear:  lag  phase  by  inverting  to  the  monocarbide  phaae  because  of 
tha  increased  solubility  of  tha  carbide  for  the  metal  phase.  This  phase  rela¬ 
tionship  also  occurs  in  the  hafnium- carbon  binary  system.  The  increasing 
solubility  of  hafnlua  in  the  monocarbide  on  heating  from  ambient  to  2360*C  can 
be  seen  in  Figure  1.  Figure  4  is  »  set  of  photomicrographs  typical  of  this 
concept  and  shows  the  most  desirable  two-phase  composite  structure  as  well  as 
the  single-phase  structure  resulting  from  hestlng  above  2200®C  (4000*7). 

2 .  Tan tal un-Cart  1 de- Lined  Hypereutectic  Composite 

The  hypereutectic  composite  system  consists  of  a  high-denalty , 
thin-tan tmlum  mftacxsxblde  (melting  temperature  approximately  3950*C  or  7130*7) 
liner  formed  in  situ  on  a  tantalum  carbide/graphite  hypereutectic  substrate. 

This  substrate  peas asses  good  thermal  shock  resistance,  has  a  minimus  melting 
point  of  3444 *C  (6230*7)  (Reference  2) ,  and  haa  a  thermal  expansion  that  Is 
compatible  with  that  of  tha  liner.  The  hypereutectic  structure  is  characterized 
by  dispersed  graphite  flakes  in  the  momocarbidc-graphits  eutectic  matrix 
(Figure  5) , 
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n*ur«  4.  Typical  Micro# tructura  of  Two~Phaae  Composite  Carbide  Hi-C 

Matrix  and  Hf  Metal  (Whit#  Region#)  Which  Chang##  on  Haating 
above  2200*C  (4000*?)  to  a  Stable  Solid  Solution  Hf-C  (Top) 
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Figure  5.  Typical  Microstructure  of  Tantalus;  Orbide/Craphlte 
Hypereutectic  Structure  (Melt-Formed  at  350O*C) 
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SECTION  II 
SUMMARY 

A.  DEVELOPMENT  OF  MICROCCMPOSITE 

1.  Development  of  Fabrication  Procedures 

Tantalum,  hafnium,  tantalum^monocarbide,  and  hafnium- 
monocarblde  powders  were  the  starting  materials  for  the  mlcrocomposlte  system. 
Six  material  compositions  (18Ta-45Hf-37C,  13Ta-50Hf~37C,  8Ta-55Hf-37C, 
13Ta-47Hf-40C,  10Ta-50Hf-40C ,  and  5Ta-55Hf-40C)  were  investigated  along  with 
two  starting  material  metal  ratios.  Specimens  were  fabricated  by  hot  pressing 
with  varying  sintering  temperatures,  times,  cooling  rates,  and  pressures  to 
obtain  the  desired  structures. 

It  was  determined  that  density  increased  with  time  at  tempera¬ 
ture  and  a  significant  decrease  in  density  occurred  with  increasing  temperature 
as  a  result  of  carburization.  Some  latitude  was  found  in  the  hot-press  condi¬ 
tions  required  to  produce  the  desired  microcomposite  microstructure  from  the 
three  compositions  containing  37  atZC.  The  hot-press  temperature  can  vary  from 
2500  to  2700°C  for  pressing  durations  between  5  and  15  minutes.  A  relatively 
fast  cooling  rate,  500#C/minute,  developed  the  desired  fine  needle-shaped 
metal  alloy  precipitation.  Slow  cooling  rates,  50  to  100®C/minute,  resulted 
in  consolidation  of  the  metal  phase  into  both  spherical  and  large  needle  shapes. 
Heat-treated  was  found  to  agglomerate  the  needle-shaped  metal  alloy  precipi¬ 
tate.  The  three  compositions  with  nominal  40  atXC  contained  no  aetal  alloy 
phase . 


2 .  Material  Properties  Characterization 

Flexural  strength,  modulus  of  elasticity,  density,  and  metal- 
alloy  phase  development  were  determined  for  the  six  sicrocomposite  compositions. 
Applying  the  criteria  for  optimum  thermal  shock  characteristics  which  favor 
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high  itm|tk  and  low  modulus  of  eiaeticity,  two  composition* ,  dTa-55Hf-37C 

ni  wort  chosen  for  elevated  temperature  proparti aa ,  thermal  ■  1 

ttoek,  oaf  chemical  corrosion  characterisation .  The  slave  tad  temperature  testa 

■fcawnl  that  these  two  canpositleae  had  flexure  strengths  considerably  higher  (  j 

than  those  reported  for  aonocarbidos.  The  thermal  expansion  and  diffusivity 

dhda  sera  cemparahl.  to  the  ^nocarhid^.  f  ) 

b.  remorao*  or  tabtalwi  carbide  uked-tahtaldm  cabbie®  /cabbok 
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1.  Development  of  Fabrication  Procedures 


lbs  fabrication  process  utilised  to  produce  the  hypereutectic 
carbide  composite  wee  e  fusion  end  drop- casting  technique .  Fabrication  proce- 

derss  were  developed  for  four  caepooitioas  (80  v/o  TsC-20  v/o  C,  70  v/o  TeC- 
30  v/o  C,  40  v/o  TeC-40  v/o  C,  end  30  v/o  TaC-50  v/o  C) .  In  Initial  scale-up 
stadias,  1.5-in. -die  by  3.0-ln.-loug  billets  vers  produced.  Final  scale-up  was 
to  a  billet  else  of  4.2  in.  dia  by  3.0  in.  long.  A  diffusion  process  for 
forming  e  TaC  liner  on  s  TaC-C  hypereutactic  substrate  was  demonstrated. 

2.  Material  Iropertlse  Charactsrisation 

Ambient  and  elevated  teaperature  tasting  was  conducted  on 
Spsdoeas  containing  various  carbon  contacts.  The  flexure  strength  end  aodulue 
of  elasticity  decreased  with  increasing  carbon  content.  The  strength  of  a  given 
ccn position  et  the  law  tost  teaperature  could  be  correlated  with  the  morphology 
of  the  graphite  flakes .  flakes  that  are  this,  short,  and  evenly  dispersed  are 
conducive  to  higher  strength.  The  thermal  expansion  characteristics  closely 
followed  the  expansion  behavior  for  tantalum  aooocarbide. 
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C.  THERMAL  SHOCK  AND  CHEMICAL  CORROSION  EVALUATIONS 


Thermal  shock  resistance  and  c  lenical  corrosion  testa  were  con¬ 
ducted  lit  a  Hypertharaal  Environmental  Simulatcr  (HES)  at  high  cold  wall  heat 

2 

flux  levels  (2800  to  4400  Btu/ft  /sec)  on  two  aicrocompoaite  compositions  and 
on  various  TsC-C  hypereutectic  compositions.  Both  slcrocompoelte  compositions 
underwent  fine  thermal  stress  cracking;  the  8Ta-55Hf-37C  composition  had  better 
thermal  shock  resistance  than  the  &'e-54Hf -380  composition.  The  hypereutectic 
composites  had  outstanding  thermal  shock  resistance.  Cracking  was  observed  in 
only  one  specimen  which  was  found  to  be  of  eutectic  composition.  The  carbide 
composites  were  compared  to  G-90  graphite  in  the  chemical-corrosion  tests. 

The  two  aicrocomposlte  compositions  were  equal  in  resistance  to  attack  and  the 
surface  regression  rates  were  considerably  lower  than  the  G-90.  The  TaC-liued 
hypereutectic  composites  were  appropriately  the  same  es  the  G-90  graphite.  The 
better  performance  of  the  aicrocompoaite  /as  attributed  to  the  formation  of  a 
higher  melting  oxide,  HfO^,  on  the  flams  surface  of  the  aicrocompoaite  in 
comparison  to  the  STa^O^  formation  on  the  hypercutectic. 


D.  FAbHICATICH  OF  NOZZLE  INSERTS  AND  DEMONSTRATION  FIRING  TESTS 

Five  approximately  4, 2-in. -die  by  3-in. -long  noxsle  Inserts  were 
fabricated:  two  mlcrocompoeltcs  by  hot  pressing  end  three  hypareuteetics  by 
casting.  The  first  mlcrocomposlte  Insert  cracked  during  hot-pressing.  The 
second  Insert  cracked  during  machining  which  was  probably  due  to  the  existence 
of  si croc racks  or  high  residual  stresses  during  cooldown.  Two  hypereutectic 
inserts  were  fabricated,  and  the  third  was  sectioned  for  laboretory  examination. 
TVo  solid  propellant  motor  firings  were  conducted  using  the  AFRFL  36-in.- 
nomlnsl-inslde  die  char  motor  to  demonstrate  the  performance  of  the  TsC-C  hyper¬ 
eutectic  eystea.  The  nossls  assembly  e°T  the  first  motor  had  s  segmented  throat 
insert.  During  test  firing,  the  aft  segment  of  the  throat  was  ejected  at 
38  sec.  The  poatfire  analysis  attributed  failure  to  uneven  material  loss  which 
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teewlted  la  heckling  end  ejection  of  the  segnent.  In  the  second  nosxle,  s 
giggle  piece  throat  vas  successfully  test  fired  for  13  sec.  The  propellent 
had  s  MOO*F  theoretical  flans  t separators,  and  the  cheuher  pressure  was  750  psi. 

The  regreecloe  rate  (1.06  adl/sec)  at  the  throat  vas  very  low  end 
there*!  shock  resistance  wee  excellent.  This  firing  demonstrated  a  significant 
sMacanat  In  cexhlde  technology  for  rwcket  applicatiooa  and  verified  the 
potential  of  TaC-C  hypereutectic  conposltes  for  hlgh-perf oxaancs ,  solid 
propellant  no tor*. 
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SECTION  III 
TECHNICAL  DISCUSSION 

A.  TASK  1 — DEVELOPMENT  OF  KICROCOMPOSITE 

The  objective  of  this  work  was  to  investigate  the  relationship  of 
material  and  processing  variables  on  phase  configurations  ,  to  develop  a  fabri¬ 
cation  technique  suitable  for  scale-up,  and  to  characterize  mechanical  and 
the real  properties  at  ambient  and  elevated  temperatures . 

1.  Starting  Material  Characterization 

t  v 

Tantalum,  hafnium,  tantalus  monocarbide,  hafnium  monocarbide, 
and  graphite  powders  were  the  starting  materials  for  the  microcomposite.  The 
sources  of  materiel  were:  tantalum  and  hafnium  powders — Wah  Chang  Corporation; 
tantalum  carbide — Wah  Chang  Corporation  and  Kawecki  Chemical  Corporation; 
hafnium  carbide — produced  at  Aerojet;  and  graphite  powder.  Grade  GP-48 — carbon 
Products  Division,  Union  Carbide  Corporation. 

a.  Preparation  of  Hafnium  Carbide 

Hafnium  carbide  was  produced  by  the  carbothermic  reduction 
of  hafnium  dioxide.  The  carbothermic  reaction  was  conducted  in  e  100-kv  Heraeus 
high  vacuum  induction  furnace.  Because  of  tha  high  temperature  thermodynamic 
stability  of  the  Hf-O-C  complex,  high  vacuum  degassing  st  2200*C  was  required  to 
reduce  the  partial  pressure  of  the  evolved  CO  to  bring  the  reaction  to  comple¬ 
tion  .  Processing  for  approximately  8  hr  at  2200*C  reduced  the  CO  evolution, 
and  a  fine!  vacuum  of  1  x  10  ^  torr  was  achieved,  resulting  In  an  essentially 
oxygen-free  carbide. 
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III,  A,  Task  1—  Development  of  Mlcrocoaposlte  (coat.) 

The  first  grinding  of  s  batch  of  HfC  for  12  hr  by 
'tWBgataa  cezblda  ball  milling  with  a  carbon  tetrachloride  mediae  resulted  la 
an  increase  la  the  oxygen  content  from  89  to  3066  pp*.  Results  of  a  grinding 
etmdy  showed  that  a  minimum  of  4  hr  of  ball-nil  ling  was  required  to  eonalnute 
all  the  HfC  to  a  particle  size  finer  than  44  nicrons.  The  oxygen  content 
Increased  detrimentally  from  89  to  4380  ppa. 

Dry  grinding  in  an  agate  aortar  was  also  evaluated  as  an 
expedient  aathod  for  producing  small  batches  of  low-oxygen-coo tent  carbide  for 
the  aierocoaposlte  development  work.  This  resulted  in  the  oxygen  content 
increasing  from  89  to  268  ppm,  which  was  satisfactory  for  developing  the  mlcrc- 
eemposits,  but  approached  the  maximum  allowable  content.  Ball-milling  the 
carbide  to  the  required  particle  else  distribution,  followed  by  s  high  vacuum 
degassing  at  2200 *C  in  the  Hsraeus  induction  furnace,  v as  selected  a*  the  best 
approach.  The  batches  of  aa-producad  HfC  were  blended  together,  ball-milled 
for  II  h*  to  produce  on  average  particle  else  lees  than  10  micron/.,  and  vacuum 
&gaeaed  at  2200*C.  Final  grinding  waa  conducted  in  an  inert  atm  sphere  glove-box 

b.  Results  of  Characterisation  Tests* 


The  following  characterisation  tests  were  conducted 
on  the  starting  ettariala: 


_ _ Analyse 

Chemical 

a.  Total  carbon 

b.  Free  carbon 

c.  Oxygen 

d.  Spectroyraphic 

Particle  else 
X-ray  dif  fraction 


Material 


TaC,  HfC 
TaC,  HfC 

Ta,  Hf,  TaC,  HfC 

C.  Ta,  Rf,  TaC,  HfC,  HfOj 

C,  Ta,  Hf,  TaC,  HfC 

TaC,  HfC 


(SetSeiST  of  the  test  procedures  used  throughout  the  program  for  determining 
perti&eat  thermal,  chemical,  physical  sad  structural  properties  is  presented  in 

the  Appendix. 
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III,  A,  Task  1 — Development  of  Microcoaposlte  (coot.) 

(1)  Chemical  Analysis 

Table  I  shows  the  results  of  the  chemical  analyses 
on  all  the  scarting  materials.  For  each  material,  with  the  exception  of  the 
graphite  powder,  an  analysis  was  furnished  by  the  supplier  and  a  comparative 
analysis  was  conducted  to  verify  the  major  concentration  of  impurities.  Results 
from  the  two  separate  analyses  were  in  satisfactory  agreement. 

(2)  Particle  Site 

The  average  particle  sire  of  the  starting  materials 
determined  by  Fisher  subsieve  analyses  is  given  in  Table  II.  The  particle- 
size  distribution  by  the  Andreason  sedimentation  pipet  method  is  plotted  in 
Figure  6. 


(3)  X-Ray  Diffraction 

The  lattice  parameters  for  the  HfC  and  Ta  _  obtained 

•  • 

from  the  exposures  with  Cu-Ka-radietion  were  a  *  4.635  A  and  a  -  4.445  A, 
respectively,  which  are  in  good  agreement  with  the  reported  literature 
(Reference  3)  . 

2 .  Development  of  Fabrication  Procedures 
a.  Experimental  Procedures 

To  achieve  a  dense  (exceeding  951  of  theoretical)  composite 
with  the  proper  tvo-phaae  microatructure  and  compos  i  tion  r  two  fabrication  steps 
were  utilized:  (1)  hot-pressing  and  (2)  heat  treatment. 
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TABLE  II 

FISHES  SUBSISVE  SUSS  ANALYSES 


Avtrt|t  Particlw  Dintttr, 
Micron#  _ 


Tantalum  carbida 

6.5 

Hafnium  carfcid* 

3.0 

Hafnium 

7.3 

Tantalus 

14.6 

Carbon 

3.0 
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III,  A,  Task  1 — Development  of  Kicrocomposlte  (cent.) 

The  developmental  hot-pressing  vu  conducted  using  a 
rapid  heating  hot-press  which  can  reach  a  temperature  of  3600 *C  in  less  than 
5  ainutes  and  aaintain  this  temperature  for  prolonged  durations.  A  schematic 
of  the  furnace  arrangement  is  shown  in  Figure  7. 

Temperatures  were  controlled  by  a  variable  rheostat  used 
in  conjunction  with  an  optical  pyrometer  sighted  on  the  surface  of  the  die. 

The  very  feat  heating  and  cooling  rates  minimise  the  reaction  between  the 
sample  material  and  the  die.  Carbon  analyses  of  the  sample,  after  hot-pressing, 
were  used  to  determine  any  change  in  carbon  content  during  the  hot-press 
operation. 

The  levels  of  fabrication  variables  that  were  evaluated 

are  aa  follows: 


Atomic  Percent 

of  Metal 

and  Carbon  Powder 

Ta 

Hf 

C 

18 

45 

37 

13 

50 

37 

8 

55 

37 

13 

47 

40 

10 

50 

40 

5 

55 

40 

Composition  of  Starting  Material  Metals  Ratio* 
80  Ta/20  Ff  50  Ta/50  Hf 

Compaction  Pressure,  pal 
500  and  3000  psi 


•Ratio  of  Ta  and  Hf  metal  powders  used  In  starting  material  formulation. 
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HYDRAULIC  RAM 


5.25" 


-  GRAPHITE  PISTON 


UPPER  GRAPHITE  HOLDER 


GRAPHITE  DIE 
SPECIMEN 


GRAPHITE  HEATER 


—"LOWER  GRAPHITE  HOLDER 


-  GRAPHITE  SUPPORT 


Figure  7.  Schematic  of  Hot-Press  Furnace 
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III,  A,  Task  1— Development  of  Microcoapoeite  (cont.) 

Sintering  Cycle 

Time ,  alnutee:  2,  5,  10,  15  ,  20  ,  30,  fin--  45 

Teaperature ,  *C:  2000,2200,  2500,  2700,  and  2800 

Cooling  Sate:  50*C/»'nute  to  1500  and  1800*C 
100*C/*inute  to  1500  and  18Q0*C 

Heat  Treataant 

1600* C  for  18  hr,  1800*0  for  64  hr,  2200*0  for  54  hr 

Density  and  Metallography  were  used  to  establish  the 
effect  of  the  processing  variables  on  phase  relationships.  X-ray  diffraction 
analyses  were  used  to  verify  that  the  equilibrium  natal  and  carbide  composition 
had  been  achieved. 


b.  Experimental  Results 

(1)  Carburisation  in  Hot-Pressing 

In  Initial  hot-pressing  experiments ,  the  formation 
of  a  carburised  layer  on  the  microcoeposite  vas  observed.  However,  it  could 
be  minimised  through  proper  control  of  tine  and  teapsrsture  of  the  hot-pressing 
cvcle.  Typical  carburised  layer  formations  ere  shown  in  the  microstructure 
of  Figure  8,  which  is  a  specimen  hot-pressed  at  2800°C  and  3000  pal  for 
15  minutes .  The  carburized  layer  developed  as  a  function  of  temperature  as 
shown  graphically  In  Figure  9. 


A  comparison  of  the  two  curves.  Figure  9,  for 
samples  hot-pressed  for  15  minutes  with  starting  material  metal  ratios  of 
20Ta/80Hf  and  50Ta/50Hf  showed  no  significant  difference  in  carburization 
depths  as  a  result  of  this  composition  variation .  Also,  the  difference  in 
carburisation  depths  between  15-  and  30-mlnutc  durations  of  hot-pressing 
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Carburization  Zone 
500  Microns 


13T»-50Hf-3?C 


100X 


Figure  8.  Typical  Carburized  Layer  Formation  (Specimen 
Hot-Preeaed  at  2800*C  for  15  min  at  3000  pai) 
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XXX,  A,  tm k  l— Development  of  Mtcrocomposlts  (coot.) 

MM  amt  m  Ktfdftettt  m  the  rapid  increase  la  carburisation  depth  with 
fgemflarSr  Dm  carburised  layer  could  b«  Halted  to  approximately  0.5  am, 
thus  pera&ttlag  the  hot-pxeua  technique  to  be  eetlefactorlly  employed  for 
fMbrtaiftist  Dm  aLcrocenpoalta  structure . 

(2)  Cempeeltlom  Chargee 

Ceapoeltiott  control  of  the  mlcrocompoeite  during 
bot-pmeaUc  wee  judged  by  the  final  carbon  content  after  hot-pressing.  Extreme 
care  men  neceeeery  to  cbtala  carbon  analysis  eeaplee  from  the  smell  10- ge 
epedmeme  without  extracting  a  portion  of  the  carburised  layer  containing  high 
carbon  connentncloae.  Table  ill  ehouu  the  results  of  carbon  analyses  of 
epednaou  ee  affected  by  starting  compositions  end  time  at  hot-pressing  tempera¬ 
ture,  Far  abort  hct-pruuslsg  durations ,  3  to  10  minutes,  the  compositions  con¬ 
taining  27  etX  carbon  bad  net  Increases  in  carbon  content  ranging  fron  0.77  to 
2.86  atZ.  Dm  desired  two-phaso  mlcrocompoeite  structure  wee  obtained  with 
these  37.77  to  31.86  atZ  carbon  compositions.  Longer  hot-press  durations, 

20  to  10  minutes,  resulted  in  carbon  content  increases  of  3.19  and  3.72  atZ, 
respectively ,  and  nut  increases  in  carbon  contents  for  ths  composition 
10?*-5OHf-4OC  ranged  from  1.0  to  3.13  atZ  carbon,  which  shifted  ths  final 
compositions  to  the  monocarbide  region. 

(3)  Ores! fleet ion 

because  of  the  deleterious  effect  of  porosity  on 
mechanical  strength,  the  affects  of  hot-prees  temperature,  tins,  beet  tr* semen t, 
and  pressure  on  density  were  evaluated.  Test  results  for  ths  initial  evalua¬ 
tion  Of  the  UT*-3QHf-3?C  compost  'on,  shown  in  Tcbls  IV,  show  that  the  density 
Increased  ee  the  hot-prase  temperature  end  tine  increased,  however,  as  solution 
and  precipitation  of  the  metal  phase  progressed,  there  was  a  corresponding  change 
1a  the  theoretical  density ,  sad  the  degree  of  deaslficetion  was  best  judged 
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AFTEF  HOT-FRESSINC 
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TABLE  IV 

anrsmr  or  i3Ta-50Hf-37c  micbooqhpositbs 

o 

Boat  Trsataant 

o  o 

•uartiac  Material 
Omnifitlff 

Hae-*raa*in*.  3000  Mi 
Density 

Tmparatura,  for  Iterations, 
•c  am/cm3  _  _ 

1800*0/62  hr 
Density  for 
B.F.  Duration?;, 

_ jm/sjd - 

2200*0/54  hr 
Density  for 

H.P .  Durations, 

JglSgf _ 

15  ain 

30  ain 

15  ala  30  ain 

15  ain 

30  ain 

(J 

Matals  ratio 
20WSQK* 

2000 

12.47 

12.77 

o 

2200 

12.31 

12.66 

2500 

12.40 

12.83 

12.91 

!  ) 

2700 

12.72 

12.87 

12.97 

11.76 

0 

2800 

12.94 

12.88 

12.81 

11.15 

17.60 

Mb tala  ratio 
50Ta/50Hf 

2000 

12.22 

10.86 

0 

2200 

12.55 

10.95 

o 

2500 

12.75 

12.84 

11.84 

11.36 

o 

2700 

12.75 

12.87 

12.97 

10,72 

2800 

12.58 

12.85 

12.74 

12.51 

;  ") 

o 

0 

0 

Paga 

28 

0 

0 
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III,  A,  r«k  1 — Development  of  Microcomposite  (cont .) 

metallographically.  Heat  treatment  of  the  hot-pressed  specimens  at  2200*C  for 
54  hr  Id  vacuum  tended  to  lcwar  the  dene icy  due  tc  malting  and  loaa  of  raaidual 
natal  alloy  phaae  (m.p.  21Q0vd),  which  vaa  in  axcaaa  of  that  which  could  be 
taken  Into  aolution  in  the  carbide.  This  resulted  in  increaaed  porcalty.  Heat 
treatment  at  1800*C  for  62  hr  in  vacuum  increaaed  the  denaity. 

Hot-pressing  at  500  pal  resulted  in  approximately 
10X  less  denaity  than  at  3000  pal.  Metallographlc  examination  confirmed  that 
nearly  1QX  porosity  remained  in  the  structures.  By  extending  hot-press  time 
at  temperature  to  30  minutes,  the  porosity  vaa  decreased  to  leas  than  5X. 
Increasing  the  time  could  have  provided  higher  denaity,  but  45  minutes  resulted 
in  extreme  carburisation  depths  which  established  that  durations  greater  than 
30  minutes  vera  not  considered  practical. 

Tha  apparent  densities  of  specimens  hot-preaaed 
from  all  tha  compositions  investigated  ere  listed  in  Table  V.  As  determined 
in  the  Initial  teats,  density  incrsaaad  with  time  st  s  constant  temperature 
end  pressure.  The  significant  dscreaas  in  denaity  with  temperature  as  shewn 
in  Figure  10  Is  due  to  the  increased  carburi ration.  Increasing  tantalus  content 
while  decreasing  the  hafnium  content  by  Che  acme  percentage  st  s  constant  carbon 
content  resulted  in  sc  increased  composite  density  because  tantalum  has  a  higher 
density.  The  three  compositions  containing  40  atX  carbon  had  lower  densities 
than  those  containing  37  at!  carbon.  Tha  lower  density  vaa  a  result  of  higher 
porosities  in  the  compositions  containing  40  atX  carbon. 

(4)  Hicrostructural  Development 

The  alx  Ta-Hf-C  compositions  investigated  covered 
tha  snadad  region  shown  by  tha  isotharma1  temperature  section  lo  Figure  il  of 
the  ternary  phase  diagram.  At  this  t«^>erature,  1850*C,  the  composition  ie  in 
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III,  A,  Task  1—Developaent  of  Microcotpofite  (cont.) 

the  two-phase  (tantalum-hafnium  monocarbide  5  +  tantalum-hafnium  metal,  6) 
region.  At  nigher  temperatures,  this  composition  range  is  in  the  monocarbide 
phase,  o,  region  as  shown  by  the  temperature  section  at  2000°C,  Figure  12. 

The  development  o 2  the  desired  microstructure  for 
the  mlcrocomposlte  required  complete  solution  of  the  (Ta,  Hf)  monocarbide  at 
the  hot-preseing  temperature  and  subsequent  precipitation  of  the  Ta-Hf  metal 
phase  within  the  carbide  grains  upon  cooling. 

(a)  Composition:  12Ta-50Hf-37C 

1.  High  Oxygen  Content  Material 

In  the  preparation  of  the  Initial  series 
of  hot-pres3ed  13Ta-50Hf-37C  specimens,  high  oxygen  content,  2200  ppm,  in  the 
hafnium  carbide  inhibited  solution  and  precipitation  of  the  tantalum-hafnium 
metal  alloy  within  the  monocarbide  grains.  The  oxygen  atoms  occupy  the  face- 
centered  positions  in  the  cubic  carbide  lattice  and  thus  prevent  the  diffusion 
of  the  metal  a  sums  into  these  sites. 

Figures  13,  14,  15  and  16  are  photomicro¬ 
graphs  of  specimens  made  with  starting  materia)  containing  high  oxygen.  The 
hot-pressing  temperatures  were  successively  increased  from  2000  to  2800°C. 
Complete  solution  of  the  metal  phase  was  nearly  complete  with  a  hot-press 
temperature  of  2800°C  for  15  minutes  (Figure  15) ,  but  the  high  oxygen  level  of 
tha  HfC  retarded  diffusion  of  the  metal  alloy  into  the  carbide  lattice. 

To  achieve  solution  of  the  metal  starting 
material  in  the  "arbida  and  subsequent  precipitation  of  the  metal  alloy  phase 
within  the  carbide  grains,  specimens  hot-pressed  at  2800°C  for  30  minutes  were 
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Figure  12.  Temperature  Section  at  2000°C 
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/igure  13.  Photomicrographs  of  Composition  13Ta- 50Hf-3'/C 
with  Starting  Material  Metal  Ratios  20Ta/80Hf 
(High  Oxyg?n  in  HfC) 
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a.  Hot-Pressed  at  3000  psi,  15  min, 
2500*C 


b.  Hot-Pressed  at  3000  psi,  15  rain, 

2700°C 

Figure  14.  Photomicrographs  of  Composition  13Ta-50Hf-37C  with 
Starting  Material  Metcl  Ratios  20Ta/80Hf  (High 
Oxygan  in  HfC) 
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T50X 


Figure  15.  Photomicrograph  of  Composition  ! 3Ta-5QHf-37C  with 

Starting  Material  Metal  Ratio  20Ta/80Hf  (High  Oxygen 
in  HfC)  Hot-Pressed  for  15  min,  3000  ps  .  at  2800°C 
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Light  Area* 
Natal  Diffusion 
Zona 


Dark  Areas 

(Tk,  Hf)  Monocarbide 


T50X 


Figure  16.  Photomicrograph  of  Comoo# it ion  13Ta-50Hf-37C  Material 
Maeal  Ratio  20Ta/80Hf  Hot-Pr#aead  at  2800'C,  30  min 
and  3000  pal  (High  Oxygen  in  HfC) 
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111,  A,  Teak  1 — Development  of  Microcompoeite  (coat.) 

heet  treated  at  1800eC  In  vacuus  (1  x  10  torr)  for  64  hr.  Homo gent tat lcm 
and  probably  deoxidation  occurred  and  a  metal  alloy  was  present  In  fine  Inter¬ 
granular  precipitations  as  shown  in  Figure  17. 

,2  Desired  Oxygen  Content  Material 

Low  oxygen  content,  268  ppm,  hafnium 

carbide  prepared  by  high  vacuum  degassing  was  used  in  subsequent  studies.  The 
microstructures  of  the  13Ta-50Hf~37C  composition  hot-pressed  for  15  minutes, 
3000  psi,  and  2500,  2700,  and  28Q0°C  are  shown  in  Figures  18a,  18b,  and  18c, 
respectively.  Some  primary  metal  alloy  remained  at  the  grain  boundaries  (dark 
pool  regions  in  photomicrographs)  but  a  pronounced  needle-shaped  precipitation 
occurred  within  the  carbide  grains . 


Heat  treatment  at  1600 *C  for  18  hr,  in  a 
vacuum  of  10-^  torr,  resulted  in  agglomeration  of  the  metal  alloy  precipitate 
as  shown  in  Figures  19a  and  19b. 

The  effect  of  longer  duration  (30  minutes) 
at  hot-press  temperature  on  equilibration  of  the  two-phage  structure,  i.e., 
complete  absorption  and  precipitation  of  the  metal  alloy  phase  within  the 
carbide  grains,  is  shown  in  Figures  20a,  20b,  and  20c.  There  was  no  evidence 
of  more  complete  primary  metal  alloy  solution  but  there  was  greater  grain 
growth  and  segregation,  particularly  at  2700  and  2800*0. 


D 

0 

D 


The  effect  of  hot-pressing  time  (5,  10, 
and  20  minutes)  for  the  13Ta-50Hf-37C  composition  hot-pressed  at  3000  psi  and 
27QQ*C  is  shown  in  Figures  21a,  21b,  and  21c,  respectively.  The  desired 
uniform  distribution  of  needle-shaped  metal  alloy  precipitate  was  obtained  in 
5  and  10  minutes,  as  well  aa  15  minutes  (Figure  18b)  while  in  20  minutes  and 
longer  (Figure  20b)  the  metal  alloy  phase  tends  to  agglomerate. 
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750X 


Figure  17.  Photos 

£  Composition  13T*~50Hf~37C 

Material 

M*r.al  i 

■ 

dOHf  Hot-Preaaed  at  2800®C, 

30  min 

end  3 

<c  Treetaent  at  1300*C,  64  hr 

in 

Vacu- 

«rr) 
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p.  Hot  -Pressed  at 


hot-Pi essed 

l&Cr>£ 


ure  18.  Fh ot .ora icro graph  ot  I.-t.j-osM 


p.  Ret -Pressed  at  2700*C  T50X 


a.  Hot-Pressed  at  25<X'*C  (Primary  Metal-Black  PocliO  750X 
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a.  Bot->Prc**®d  Prior  to  Heat-Trmatjneut  at.  3,000  pel,  J%X 

15  min,  2500 *C 


b.  Hot  *£'rMi»*4  Prior  tc  Heat  'Treatment  ai  3.000  pel,  tsox 

’  £  ml  n  *y‘*?  o'  * ^ 
y  Sji  n  f  .  S^L*  V. 

figure  19.  Photomicrograph  of  Ccwpi  +  iciott  i'3Ta~X*‘rff-5«t  H*rat-Tr«at«.d 
at  160*3*0,  IS  hv  in  Vacoo#  Torr) 


P**>e 
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b.  Hot -Pressed  for  10  min  750X 


Hot-Preated  for  20  min  750X  3197 


Figure  21.  Photomicrograph  of  Composition  13Ta-503f  -37C  Hot 
for  5,  10,  and  20  min,  3000  psi,  at  27QO*C 
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HI,  A,  Task  1 — Development  of  Microcomposite  (cont.) 

The  effects  of  controlled  cooling  rates 

and  cycles  cn  micros true tural  development  were  evaluated  in  the  series  of  tests 
listed  in  Table  VI.  The  fine  needle-shaped  metal  alloy  precipitation  previously 
obtained  in  samples  quenched  from  the  hot-pressing  temperature  (approximately 
500°C/minute)  was  not  obtained  at  slower  cooling  rates.  The  metal  alloy  phase 
was  consolidated  into  both  spherical  and  large-needle  configurations ,  Typical 
micros tructures  for  the  various  slow  cooling  cycles  are  shown  in  Figures  ”2 
through  25. 


(b)  Composition:  18Ta-45Hf-37C 

The  micros tructural  development  of  the 
18Ta-45Hf-37C  composition  was  found  to  be  similar  to  that  determined  for 
13Ta-50Hf-37C,  with  few  exceptions.  The  microstructures  of  samples  hot-pre3sed 
at  2500,  2700,  and  2800®C  for  15  minutes  are  shown  in  Figures  26a,  26b,  and  26c, 
respectively.  Needle-shaped  metal  alloy  precipitation  was  obtained  after  each 
processing  temperature;  however,  more  primary  metal  alloy  was  retained  around 
the  carbide  grain  after  processing  at  2800*C. 

Reducing  the  hot-pressed  time  at  2700°C  to 
5  and  10  minutes  resulted  in  establishing  that  the  5-minute  duration  did  not 
-*11  ow  complete  diffusion  of  the  starting  metal  into  the  monccarbide  greens  as 
shown  in  Figure  27a.  The  10-minute  hot-pressing  duration  produced  a  finely 
dispersed  needle  precipitate  (Figure  27b),  but  not  as  predominant  as  for  the 
lj-minute  duration  shown  in  Figure  26b . 

(c)  Composition:  6Ta-55Hf~37C 

After  the  extensive  evaluation  of  the  other 
37  at!  carbon  compositions,  th*  desired  needle-shaped  metal  alloy  precipitate 
for  thi  8Ta-55Hf-37C  composition  was  readily  produced  by  hot-pressi  at 
2700®C,  3000  psi,  for  15  minutes,  and  is  shown  in  Figure  28. 
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TABLE  VI 

HOT  PRESSING/COOLING  RATE  STUDY 


Hot  Pressure 
Parameters 


Composition 

Pressure: 

Temp, 

*C 

3000  psi 
Time, 
min 

Cooling  Cycle 

Cooling  Rate,  Heat  Treat 

sC/min  Temperature,  #C 

Time , 
min 

13Ta-50Hf-37C 

2000 

5 

100 

1800 

Quench 

2200 

5 

100 

1800 

Quench 

2400 

5 

100 

180C 

10 

15 

100 

1800 

10 

2500 

2 

100 

1800 

Quench 

10 

100 

1500 

10 

2700 

10 

100 

R.T. 

Quench 

10 

100 

1500 

Quench 

10 

50 

1500 

10 

10 

50 

1500 

20 

10 

50 

1800 

10 

18Ta-45Hf-37C 

2500 

10 

50 

1500 

Quench 

2700 

10 

100 

1500 

Quench 

8Ta-55Hf-37C 

2500 

5 

50 

1500 

Quench 

10 

50 

1500 

Quench 

2/00 

10 

100 

1500 

Quench 

10 

50 

1500 

Quench 
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Figure  22 


Photomicrograph  of  Composition  13Ta-50Hf-37C 
Hot-Pressed  for  10  min,  3000  psi,  at  2700°C, 
Slow-Cooled  at  100°C/min  to  1800°C 


13Ta-5GHf-37G  Hot-Pressed 
,  and  Slc**-Cooled  at 


Figure  24.  Photomicrograph  of  Composition  13Ta-50Hf-37C  Hot-Pressed 
for  10  min,  3000  psi,  at  2700eC  and  Slow-Cooled  at 
100°C/min  to  1500°C  and  Held  for  20  min 


Figure  25,  Photomicrograph  of  Composition  13Ta-50Hf-37C  Hot-Pressed 
for  10  min,  300Q  psi,  at  2700'JC,  and  Slow-Cooled  at 
100*C/mln  to  1800*C  and  Held  for  10  min 
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b.  Hot-Preseed  at  2700°C  750X 


c.  Hot -Pressed  at  2800°C  7501' 

Figure  26.  Photomicrographs  of  Composition  18Ta-45Hf-3. C  Hot-Preseed 
for  15  min,  3000  psi,  at  2500°C,  2700°C,  and  2.800‘C 


750X 


a.  Hot-Pr<,r«'?d  ct  2500°C 
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Hot-Pressed  for  5  rain  (White  Region  -  Monocarbide) 


b.  Hot-Pressed  for  10  Bln 


Figure  2 


Photomicrographs  of  Composition  187a-45Hf-37C  Hot-Pressed 
for  5  «nd  10  3000  psl,  at  2700*0 
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III,  A,  Task  1 — Development  of  Microcoapoelte  (cont.) 

3.  Material  Properties  Cha/acterigation 
a.  Preparation  of  Teat  Specimens 

The  hot-pressing  of  specimens  vas  conducted  in  graphite 
dies  that  vere  heated  in  the  rapid  heating  hot-press  previously  described.  The 
arrangement  of  the  die  and  raa  in  the  hot-press  la  shown  schematically  in 
Figure  29.  Figure  30  shows  the  Individual  grapulte  components  prior  to  assembly 
in  the  hot-preae. 


The  technique  used  to  load  the  powdered  compositions  into 
the  die  prior  to  hot-pressing  was  found  to  be  very  important  to  consistently 
produce  crack-lree  specimens.  A  slight  amount  of  the  metal  alloy  phase  could 
exude  from  the  structure,  infiltrate,  and  bond  to  the  surrounding  graphite  die 
and  rem.  On  cooldown,  the  specimen  would  crack  la  the  die  because  of  differen¬ 
tial  contraction  between  the  graphite  end  thu  carbide  specimen.  This  problem 
was  eliminated  by  using  a  thin  layer  of  lampblack  on  the  floor  of  the  die, 
compacting  it,  unen  filliu*  the  cavity  with  the  selected  composition.  After 
acotber  compaction,  a  thin  layer  cf  lampblack  was  added.  This  concept  Is 
illustrated  in  Figure  29.  The  use  of  the  lampblack.  serves  to  absorb  the  major 
portion  of  the  excess  metal  end  the  powdery  structure  does  not  bond  to  the 
specimen.  By  the  use  of  this  technique,  two  flexure  specimens  could  be  hot- 
preeacd  In  the  some  die  by  using  s  layer  of  lampblack  between  the  composition 
that  la  being  hot-pressed. 

Bot-f raising  of  all  specimens  wax  conducted  at  25tX)*Cf 
3000  pal .  for  10  miauexe  in  a  flowing  argoe  stmoephere.  After  completion  cf 
the  hot-press  cycle,  the  graphite  die  was  allowed  to  cool  to  *abie~t  tempera¬ 
ture  la  a  flowing  argon  atmosphere.  The  fl  cure  specimens  were  removed  fros 
the  graphite  die  by  partially  sectioning  the  tie  and  breaking  it  open  as  • *ovn 
in  Figure  31. 
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Figure  30.  Graphite  Components  Usad  in  Hot-Pressing  Flexure  Specimens 
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11!,  A,  tsak  1~« Davalopoant  oi  'Jl^sccotfotitn  (cent.) 

Figure  32  ibw»  *  typical  f laxura  specimen  blank  aa 
bot-^retjaad  ad  tha  finished  flexure  epociaen  efter  dianond  grinding.  Th* 
aloe  of  the  specimen  altar  hot-pressing  vas  approximately  0.37  in.  wide  by 
0.30  la.  doop  by  2.3  In.  long.  TUa  speclaana  ware  dianond  ground  until  all 
visual  eurfaea  coatsadxsetions  or  defaces  had  been  aUsrfnstad. 

Machining  of  tha  apadaana  waa  accoapliahad  by  using  a 
thonpeon  surfaca  grlcdar  with  a  10- in. -die,  100-grit  dianond  wha*l.  Table 
apaada  of  40  to  50  ft /admit*  war*  need,  Smaoval  rates  of  0 .0005  to  0.001  In. /pass 

wax*  Maintained  with  finishing  paaaaa  of  0.0001  to  C.OC05  in.  to  obtain  a 

* 

finish  of  8  te  1C  rm.*  Sack  specimen  waa  examined  uadar  202  magnification  for 
vlalbla  flaws  and  chip*.  Tha  spaciaena  wars  than  hand  polished  on  a  dianond 
■stenographic  wheal  to  a  lightly  round  the  four  corners  along  th*  l/rt^th  to 
alininata  any  noorepresantatlv*  comar  flaws.  Tha  finished  dtimnalons  of  the 
apatfaeoe  warn  approximately  0.25  in.  wide  by  0.25  in.  deep  by  1.75  to  2.0  in. 
long.  All  surface*  along  tha  length  warn  Maintained  parallel  within  0.001  In. 

b.  Aablant  Taaparature  Screening  Testa** 

Sevan  eoapositlona,  l0Ta-45¥f-3?C,  lJTa-50Hf-37C, 
STa-55Hf"37C,  13Te-475lf-A0C,  10Ta~50Kf-40C,  iT«-55hf-40C,  and  l37a-44Hf-43C, 
warn  tasted  at  whlaat  taaparature  to  data  mine  th*  effect  of  coupoeitlcn  on 
tha  atrangthi  modulus  of  elasticity,  anJ  dtauty. 


*Boot  aa  aquar*  tosraga" of  surface  roughs***  (idcrclachee) 

**A  dtsouexiica  of  tha  teat  procedures  used  throughout  to*  progra  for  deter- 
alniag  pertinent  thermal.  chemical,  physical,  and  structural  properties  la 
praaantad  in  the  Appendix. 
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XXX,  A,  Task  l —Development  of  Microcoaposits  (coot.) 

(1)  Flexure  Strength 

Flexure  strength  measurements  war*  mad*  using  three- 
point  with  a  1.5-ln.  spaa.  Tha  croash*ad  travel  rata  was  0.02  In , /einuta . 

the  raaolto  of  each  test  are  reported  la  Table  VII.  Tha  arithmetic  average  and 
standard  deviation  axe  shown;  however,  a  comparison  of  average  strength  values 
for  the  different  coopoeitiona  can  be  misleading.  In  each  series  of  teste  for 
a  given  coepoeltlon,  there  were  both  high-etrength  and  low-strength  specimens. 
Therefore,  there  was  no  algnificant  indication  that  strength  differences  existed 
at  sab  lent  taaperature  between  tha  series  of  compositions. 

A  significant  increase  in  ambient  temperature 
Strength  of  tha  microcospeeita  compositions  was  obtained  in  comparison  to  the 
typical  reported  value*  for  tha  morocaxbldes  of  tantalum  and  hafnium 
deference  4). 

Tha  room  temperature  strength  values  for  a  given 
composition  were  not  found  to  correlate  with  tha  variations  in  apparent 
density  listed  la  Table  VII.  However,  the  variation  in  density  was  small  and 
the  density  was  always  greater  titan  9ST  of  theoretical. 

Within  a  gives  composition,  large  difference*  in 
strength  conld  be  correlated  In  most  case*  vith  the  appearance  of  the  fracture 
surfaces .  Specimens  with  high  strengths  (40  to  60,000  pel)  had  irregular 
fracture  ewrfacee  Indicative  of  a  higher  degree  of  toughness  then  chose 
apart me ae  with  low  strength  (20,000  pci)  which  had  typical  'brittle  fracture 
emrfacae. 

Figure  13  shows  e  photographic  cooper is  on  of  the 
two  types  of  fractures  surfaces  on  specimens  made  from  the  L3Ta-5Q8f-3vC 
compost tlae.  The  brittle  fracture  surface  corresponds  to  a  specimen  with 
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TABLE  VII 

AMBIENT  TEMPERATURE 

PHYSICAL  PROPERTIES  OP  SIX  MICROCOMPOSITE 
COMPOSITIONS 


Compos 1 Lion: 

8Ta-55Hf-37C 

Specimen 

Number 

Flexure 

Strength, 

pel 

Standard 

Deviation, 

P«1 

Density, 

gm/car 

Modulus  of 
Elasticity 
106  psl 

212 

53,400 

12.7 

38.7 

213 

59.5GO 

12.7 

39.4 

214 

20,700 

12.7 

37.0 

218 

33,600 

12.5 

37.3 

225 

55.600 

12.6 

39.7 

226 

57,000 

12.6 

41.1 

308 

43,200 

12.6 

Av:  38.8 

310 

66,300 

12.6 

311 

63,000 

Av: 

30,300 

15, COO 

Av:  12  6 

Relative 

Standard 

Deviation: 

2^.71 

?  59 


I.) 

O 

(  ) 


<  i 


Modulus  of 

Density, 

llMtlclty, 

10®  pel 

f  “  \ 

jsZsL. 

12.8 

41.7 

;  ) 

12.8 

41.5 

12.8 

41.6 

(  J 

12.8 

41.4 

12.8 

41.2 

12.7 

39.5 

<  J 

12.8 

41.8 

12.8 

41.1 

0 

12.8 

41.4 

Mi® 

41.0 

0 

4vt  12.8 

Avi  41.2 

\ 

0 

o 

40.52 

13.1 

42.1 

o 

13.2 

42.4 

12.7 

42.1 

'  ) 

12.4 

41.4 

12.9 

42.8 

c> 

A*«  12.» 

Avi  42.1 

O 

o 

o 
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TABLE  VII  (cone.) 

Composition:  10Ta-50Hf-40C 

Specimen 

Number 

Flexure 
Strength , 

P*1 

Standard 

Deviation, 

pai_ 

Density , 
**/cm3  _ 

Modulus  of 
Elasticity 
10®  pel 

222 

18,600 

12.6 

45.7 

223 

53,800 

12.7 

44.8 

267 

14,400 

12.5 

44.0 

268 

24,700 

12.5 

40.0 

361 

12,500 

12.5 

47.4 

362 

49.800 

12.2 

42.1 

Av:  29,000 

18,200 

Av:  12.5 

Av:  44.0 

lelatlve 

Standard 

Deviation: 

62. 7J 

Coapoeltlon:  13Ta-47Hf-40C 

242 

55,900 

12.0 

40.5 

269 

14,100 

12.3 

42.2 

274 

27,400 

12.4 

43.4 

363 

57,200 

12.8 

45.5 

364 

17.000 

12.8 

45^5 

Av:  34,300 

20,100 

Av:  12.5 

Av:  43.4 

Relative 

Standard 

Deviation: 

60.  tt 

F«f«  61 
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TABLE  VII  (coat.) 


Coopositlon: 

18Te~42af-40C 

Spedaan 

Buabet 

Flexure 

Street th, 
eel 

Standard 

Deviation, 

P«1 

Denalty , 
ra/c*3 

Hodulue  of 
Elaatldty 
10*  pel 

247 

60.000 

12.7 

43.7 

249 

54,100 

12.8 

44.5 

251 

30,700 

12.7 

35.2 

345 

71,000 

13.0 

46.6 

366 

57.200 

13.0 

46.4 

Ay: 

55.000 

14,000 

Av:  12,8 

Av:  43.2 

Kelatlve 
Standard 
Deviatioe : 

27. IS 

Caapoeitloa: 

13Te-44H£-43C 

231 

21,200 

12.7 

50.1 

Ptpt  62 


Microstructure  3howirg  less 
free  octal  in  grain  boundaries 


Kicrc'structure  showing  large 
amber  of  pools  of  free  octal 


Sritcle  type  fracture  surface  Fracture  surface  exhibiting 

Fie*  Stren^’V  18,300  pai  toughness 

Flex  Strength:  69,900  ;>*! 

figure  33.  Macro  and  Micros ■  ural  Comparison  of  flexural  Specimens 

Exhibiting  High  and  Strengthj«-’--G3»p6fl  itioa*  I3Ta  >0Sf-37C 


■•port  AF1FL-TE-4S-1A3 

XXI t  i,  taM  I— Dovslopaant  of  Microcoopoelts  (coat.) 

11,300  poi  float*  while  a  greater  d*|n«  of  toughness  «u  exhibited 

Iff  the  lamia  with  •  69,900  pel  strength.  As  exast nation  of  ths  corresponding 
mi  SMtracum  get  eezk  of  Cbooo  too  speclaaos  (rigor*  33)  shovn  slightly 
■of*  grata  boundary  natal  prat  ant  la  tha  etruetjr*  with  hlghor  at  rang  th  and  a 
greater  <agr»i  of  tnughneas .  Sowewsr,  It  la  nor*  liaoly  that  tha  strength 
dlffsiraaca  was  due  to  o that  factors  aa  It  aloe  occurred  is  the  epectnena  c:  n- 
t^lalag  40  att  uika  trfbers  little  or  no  grain  boundary  natal  phase  was  present, 
tha  compost  dona  containing  40  atX  carbon  did,  homrwnr,  contain  a  finely 
dispersed  natal  phase  ooogamd  to  tha  heavier  iansllar  and  grain  boundary  octal 
phase  exhibited  by  coop  os  itt one  containing  3?  at!  carbon. 


Vi)  Modulus  of  Elasticity 


Sonic  nodules  of  elasticity  neasursnents  wen  and* 
on  the  flaocnxn  apaclnams  prior  to  flaznre  tooting,  the  aouic  nodulus  data  are 
pnsMUd  in  table  fXl.  tha  elastic  codeias  tor  those  saaplas  containing 
37  atl  catboa  d»  crossed  with  lacrnaolag  hafnlun  content.  Spadaass  containing 
37  ad  carbon  had  lower  elastic  modulus  dsn  thorns  with  40  att  carbon  and 
43  ad  carbon. 

tbs  nodulus  of  elasticity  of  *  two-phaae  composite 
notarial  boo  base  related  to  the  proportion  of  each  constituent  in  the 
structure,  lawns  tigs  tors  have  reported  tha  following  elastic  me  dull  for 
cnee  tj  toasts  In  the  te-tf-C  ternary  compos! lions: 


of  Elasticity 

10*  Ml) 


a  to  41 
53  to  74 


S*« erases 


Peg's  4* 


(  }  f! 


Report  ATFPL-TR-68-143 


III,  A,  Task  I — Development  of  Hicrocompoeite  (coot.) 

The  lower  elastic  modulus  for  specimens  with  37  atZ 
carbon ,  39  to  42  x  10^  psi,  in  comparison  to  the  higher  values  measured  for 
aaterials  containing  40  atZ  carbon,  43  to  44  x  10^  psi,  was  due  to  th*  greater 
proportion  of  lower  modulus  tantaium-hafnius  alloy  present  In  the  J7  axX  carbon 
material.  The  decrease  in  modulus  of  elasticity  values  for  ’naterials  with 
higher  hafnium  con. acts  was  probably  due  to  the  lower  modulus  of  elaatieity  of 
the  hafnium  metal. 


flo  correiotioo  with  modulus  >cm  fou.._  with  in  ves*in$, 
hafnium  content  for  the  three  compositions  containing  40  at!  carbon.  Thi..  *  >a 
probably  das  to  the  email  amount  of  metal  precipitation  existing  In  the  micro- 
structures  of  these  compositions. 

c.  Selection  of  Mlcrocoaposlte  Compositions  fot 

Tiers ted  Temperature  Testing 

Twc  microcompomite  compositions  were  selected  for 
elevated  temperature  taetieg  based  on  the  results  of  the  ambient  temperature 
teats.  The  first  was  the  8Ts-55fif-37C  composition.  It  had  the  lowest  modulus 
which  is  desirable  for  thermal  shock  resistance.  In  addition,  while  the 
strengths  of  all  six  microcoapoaite  carp o*i Cions  were  comparable,  this  material 
had  the  least  variability  in  strength. 

The  37  atZ  carbon  <  imposition  lies  on  the  lower  b«u~ •' •» ry 
of  the  momocarbide,  i ,  phase  end  melting  occurs  *c  2120*C  *<th  lower  car 
content  am  shown  by  th«  existence  of  liquid,  L,  ia  the  2130*C  temperature 
•ecti-vj  lu  Figure  34.  ,*s  *  result,  this  composition  Has  to  He  closely  con¬ 

trolled  to  prevent  retention  c-f  excees  metal  alloy  phase  at  the  grain  boundaries 
A  second  composition,  STs-S^i-JSC,  was  selected  to  decrease  Che  primary  metal 
end  ensure  inversion  to  the  monocarblda  on  Heating  and  thus  a  higher  temperature 
capability. 


Fare  43 
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Figure  34.  Temperature  Section  at  2i30°C  for  Ta-Hf-C  System 
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III,  A,  Task  1 — Development  of  Microcomposite  (cont.) 

A  phase  equilibria  study  was  conducted  on  both  selected 
compositions  to  verify  that  the  metal  alloy  phase  would  Invert  to  the  mono¬ 
carbide.  The  Pirani  tael ting  point  furnace  described  in  the  Appendix  was  used 
to  equilibrate  samples  at  a  temperature  above  the  metal  alloy  rich  eutectic 
melting  temperature  of  2120*C.  Met alio graphic  examination  of  the  8Ta-55Hf-37C 
sample  showed  that  a  small  amount  of  melt  phase  had  formed  as  well  as  Inversion 
of  the  major  portion  to  the  monocarbldi .  The  composition  8Te-54Hf~38C  was 
similarly  treated  and  metallographic  examination  confirmed  that  complete  inver¬ 
sion  to  the  monocarbide  had  occurred. 

(1)  Composition  8T«-55Hf-37C 

The  strength  and  density  of  each  specimen  are 
reported  in  Table  VIII.  A  plot  of  temperature  vs  strength  is  shown  in 
Figure  35.  At  540° C„  the  variation  in  strength  from  specimen  to  specimen  was 
significantly  less  than  at  ambient  temperature  probably  as  a  result  of  a 
decreased  tendency  for  failure  to  initiate  at  surface  flaws.  Because  of  the 
low  variation,  the  540*C  average  was  higher  than  at  ambient.  At  11G0*C,  where 
maximum  strength  was  observed,  *n  average  strength  of  135 v 600  psl  was  obtained. 
This  strength  level  was  more  than  three  times  the  values  reported  for  tantalum 
and  hafnium  monocarbidea ,  as  sbovr.  in  Figure  36  (Reference  4),  It  is  postulated 
that  the  strength  improvement  at  1100 ®C  occurred  because  of  plastic  deformation 
through  the  initiation  of  creep  of  ths  metal  alloy  phase  which  enables  the 
material  to  relieve  critical  failure  stresses.  Even  though  incipient  cracking 
may  begin  in  the  matrix,  the  plastic  deformation  of  the  metal  inhibits  crack 
propagation. 


At  higher  te*peraturea ,  1650  and  2200#C,  the  strength 
decreased,  which  is  characteristic  of  the  carbides,  limited  flexure  testing 
vm  conducted  at  2200 'C  because  of  the  occurrence  of  high  plastic  deformation. 
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Teepemure, 
•C_ 

kstiimt 


540 


TABLE  V1H 

ELEVATED  TEMPKXAXUBE 

ELUDES  STHHH3TH  OP  K1CS0C0MFGSITE  COMPOSITIOB 


JL  Deterainad  oe  epeeiaena  afcar  tea  ting. 


Relative  Standard 
Deviation:  9.71 


(.) 
(  ) 

O 


8Ta-55H;E-37C 

) 

Flexure 

Standard 

Density,1 

<  ~ ) 

Specimen 

Strength, 

Deviation, 

Vuaber 

pel 

pel 

2*/ cat3 

2X2 

53,430 

12.7 

\  J 

213 

59,500 

12.7 

214 

20,700 

12.8 

Q 

218 

33,600 

12.6 

225 

55,600 

12.7 

o 

226 

57 ,000 

12.7 

308 

43,200 

12.6 

0 

310 

66,300 

12.6 

311 

63.000 

12.6 

Av:  50,300 

15,000 

0 

Relative  Standard 

Deviation: 

29.7% 

0 

3C3 

57.800 

12.6 

306 

49,300 

12.7 

o 

307 

31,500 

12.6 

313 

54,400 

11.6 

o  1 

j 

317 

52,800 

12.7 

320 

53,300 

12.6 

o  i 

429 

62,300 

12.7 

430 

60,400 

12.8 

431 

62,800 

12.8 

O 

432 

65 ? 500 

12.7 

Av:  57,000 

5,510 

o 

t  ) 

■*40*'' 

o 
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m.  A,  tmk  I— ©evelopnant  of  Kicrocouposite  (coat.) 

Strangfhe  okUlMd  on  spedmoa  in  the  plastic  state  are  of  •  "relative  value” 
final  tN  flexural  itmith  bean  fonrnla  la  not  valid  after  banding  haa  occurred. 


A  typical  anbient  teoperature  alcroetructure  of  a 
Iffrfmud  apadnan  produced  free  the  9Ta-55Hf-37C  coapoeltlon  la  eharac- 
twined  by  grain  boundary  natal  with  a  fine,  aeleular  natal  alloy  precipitate 
within  the  carbide  grain*,  aa  above  in  Figure  37.  The  specimens,  after  testing 
at  940  and  1100*C,  bad  a  kL crest rue ture  characterised  by  heavy  precipitation  of 
natal  within  the  grains.  Micros trueturea  of  specimens  exhibiting  a  large 
percentage  of  grains  having  additional  precipitation  a*  coapared  to  the  room 
tawparatura  structure  had  high  strengths.  Figure  3b  shows  a  typical  alcro- 
a true  tore  of  a  aaapla  tasted  at  540*C  Where  all  flexural  atrengths  were  approxi- 
aately  90,000  pal.  Vote  that  nearly  every  grain  haa  the  additional  precipitation. 


tatioa  has 


Figure  39  shove  a  grain  in  which  additional  preetpi- 
hae  occurred.  It  nay  be  seat  that  vary  little  of  the  precipitate  has  a 
I  shape  and  that  neat  of  the  precipitate  was  of  fine  ilu  and  had  a 
or  plate  shape.  The  gross  properties  associated  with  this  extra  precipi- 
ate  high  strength,  nil  ductility,  and  Isotropic  properties.  This 
m  was  not  found  in  any  a asp  la  tested  above  1100*C,  nor  was  it  found  at 


0  , 
o 

o 

oj 

(  ) 


One  other  structure  that  had  a  very  high  strength 
*as  sbeseusl  in  e  senpls  tasted  et  U00*C.  This  structure  was  very  fins 
grained,  with  nos t  evidence  o?  prior  carbide  grains  having  bam  obliterated 
by  pracdpl^ation  of  fine  natal  particles  within  the  carbide  (Figure  40).  The 
writer  and  slat  of  the  natal  pools  wa alniag  was  still  about  the  mat  as  in 
the  hot-preaaad  structure. 
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X100 

Metal  remains  at  the  grain  boundaries,  but  most  of  it 
hats  farmed  fine  precipitates  virMn 


TTyC 

Most  of  ?he  precipitate  Is  aci-'U-ar. 
o IT  rtv ‘  nn  'xvn  r- 

Figure  3?.  Trplcal  Micros  true  lures  of  Composition  8T*-55Hf-3?C 
*t  Aabient  Tewpersturts 
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III,  A,  Tuk  1 — Pave lopmaa t  of  Hlcroconposlte  (coat.) 


Flexure  testing  «t  elevated  temperatures  caused 
the  mic:  ^structures  of  the  spec' sen  to  change.  At  the  highest  temperature* 
of  resting,  1650  and  2200*C,  where  marked  plastic  deformation  occurred  and 
the  maximum  stress  before  deformation  occurs  1*  Lo«>,  the  change*  is  micro- 
structures  were  very  noticeable .  As  temperature  was  increased  fro*  room 
temperature,  very  little  metal  dlaaolves  until  lf.50*C.  Then,  between  this 
temperature  and  2000*C,  all  the  metal  would  dissolve  if  equilibrium  were 
attained. 


After  tasting  at  1650  and  2200 *C,  the  grain  boundary 
metal  was  essentially  unchanged,  but  the  precipitate  within  the  grains  had 
became  beerier  as  shown  in  Figure  61.  Specimens  tested  at  1650*C  in  which 
precipitation  was  lacking  in  a  number  of  the  grains  resulted  in  lower  flexure 
strengths,  this  type  micros trectur*  la  shown  in  Figure  42.  A  • ample  which 
underwent  heavy  plastic  deformation  ac  1650 *C,  but  did  not  fracture,  was 
asctlooad  at  both  the  center  where  the  deformation  had  occurred  aad  at  on* 
and,  where  almost  no  plastic  deformation  had  occurred.  No  difference  was 
discernible  in  the  two  ml croat rue turee  a*  they  were  both  similar  to  the  elcro- 
structure  shown  in  Figure  43. 


The  large  plaetic  deformation  of  flexure  specimens 
tested  at  1650*C  suggested  that  creep  might  be  occurring.  Accordingly,  s 
flexure  specimen  was  teetad  at  1650*C  in  alow  loading  (crueshead  rate  at 
0.02  cm/ minute) .  The  results  are  plotted  in  Figure  44  It  appears  that  the 
relaxation  was  exponential  with  tin* .  After  testing,  the  specimen  was  badly 
cracked  as  shown  la  Figure  45  end  all  of  tne  cracks  had  ponuttated  approximately 
the  seam  distance  into  the  sample  and  terminated  near  the  cautrel  axis. 
Catastrophic  failure*  did  not  occur  at  crew  she ad  speeds  of  0.01  cm/minut*  and 
0.001  om/mlnute,  and  the  stress  on  the  aaapla  decreased  nearly  exponent  tally 
with  time  (Figure  46}  .  Am  shown  la  Figure  47,  a  teat  n«  at  14.SOV  shewed 


3 
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<Bm  natal  pools  ere  epberodUing,  and  the  precipitate  lb 
the  grains  have  bee css  heavier  after  testing  at  l£>50*C» 


Soaked  at  165Q*C  for  15  eioutes  sad  than  fas  tad . 
*11  the  precipitate*  have  ripeaed  cseeidsrafcly 
caapered  to  the  oeleat  temperature  ulcroetructur* 


41.  Micros  true  turae  of  Conpoelti^n  &T«-55fif-3?*i  After 
Tea tin j  at  ItSO'C 
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Dark  areas  are  very  heavy  precipitation.  The  X100 

wetal  pools  on  the  grain  boundaries  are 
depleted  but  have  not  begun  to  apheroldize. 


Figure  42.  Micros t rue ture  of  Cospoaition  8la-35Hf-37C  Exhibiting 
Lev  Flexure  Strength  at  1650*C 
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The  astal  pools  «t  the  groin  boundaries  «r«  still  present  X500 
and  tbs  setsl  precipitate  la  apharoidisins.  Bach  carbids 
grain  baa  basn  broken  into  eubgreJLns.  This  picture  is  like 
Vigors  57,  hot  the  canple  was  etched  sore  heavily  here. 


flgors  43. 


ittcrcetrucmrs  of  Cosposlcion  8Ta-558f~37C  After 
Tee ting  at  1450*C 
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III,  A,  Task  1 — Development  of  Mlcrocompoeltc  (cost.) 

that  load  increased  as  tha  croeaheai  advanced  in  two  casta  but  dacreaeed  whan 
the  stress  was  at  a  slightly  highar  laval  (previous  crosshaa 4  apaad  had  been 
0.005  cm/nlnuta),  At  1300  sad  12C0*C„  tha  stress  still  relaxed  exponentially 
with  time  as  shown  la  Figures  48  and  49,  respectively , 


It  was  evident  that,  at  elevated  temperatures,  tha 
•ate rial  dlu  ot  exhibit  brittle  behavior  because  tha  crack  (Figure  45)  did 
not  propagate  all  the  way  through  the  ssapla.  It  was  not  possible  to  calculate 
creep  parameters  with  tha  data  because  the  nonhomogeneous  def ormetlcn  of  the 
eaeplaa  made  It  lapoealble  for  load  to  be  converged  Into  strata  or  strain.  A 
Newtonian  model,  which  is  the  model  that  jdiacrlbee  e  glass  heated  to  the 
softening  point,  le  not  coaqilately  applicable  at  cone tent  croeeheed  speeds. 

The  load  continues  to  increase  without  reaching  e  saturation  .slue  to  accoa^aay 
the  almost  constant  strain  rate  produced  by  the  croeeheed.  Another  Interesting 
feature  of  the  results  waa  that  the  relaxation  time,  which  is  the  time  required 
for  the  stress  to  fall  to  371  of  Its  initial  value,  did  not  behave  like  e 
thermally  activated  process  of  the  type  where  stress  relaxation  Is  proportional 
to 


exp 


AH(a.T.at) 

CT 


which  Kaolar  end  As pi nail  (lafarence  7)  found  to  be  the  standard  equation  for 
creep.  At  1650  and  1200*C,  the  relaxation  tine  was  about  30  minutes.  At 
i?00*C,  two  rune  had  a  relaxation  time  of  75  minutes,  end  a  third  had  a  relaxa¬ 
tion  time  of  31  minutes .  The  mini  mini  load  necessary  to  produce  creep  woe 
estimated  to  be  0  at  lbJtTC  end  5000  pel  at  UOO’C.  At  stresses  below  this 
level,  relaxation  wee  too  slow  to  be  detected  with  existing  equipment.  It  was 
established  by  these  teste  that  below  1100*C  creep  does  not  occur.  Above 
1650*C,  the  strength  w?i  lower  than  31,000  pel  end  at  2200*C,  the  strength  wee 
approximately  1500  pel. 
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Relaxation  Curve*  for  Flexure  Specimen  Tasted 
*C~~ Cowpoeltion  8Ta-55Hf~37C 
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m,  A,  Task  1— Develops* ot  of  *u 'xoconpaslte  (cant.) 

Be  cbm  e  deformation  before  rupture  is  eaell  et 
U0O*Ct  it  U  expected  that  the  muI  pool*  at  the  grain  bounds)  lea  were 
xmepcneihl*  for  the  deformation.  So  difference  was  seen  in  the  elcroatructurea 
of  arseo  which  had  undergoes  large  and  small  deformations  at  1650*C;  therefore, 
it  map-  he  nsamaad  that  the  strain  was  distributed  uniformly  throughout  the 
gsng&M.  The  function  of  the  metal  precipitate  which  Had  not  rediasolved  may 
he  assumed  to  lower  the  stiffness  of  the  carbide  grains  so  that  leas  deformation 
id  crocking  cf  the  carbide  groins  would  occur. 

(2)  Composition  8T*-54Hf-38C 

The  flexure  strength  m d  density  cf  the  8Te-54Hf-38C 
oospartitlou  are  reported  in  Table  12.  A  plot  of  the  average  strength  and  the 
indicated  range  of  strength  for  each  test  temperature  is  shown  in  Figure  35. 
Flexure  tasting  at  ambient  temperature  was  not  conducted  for  this  composition. 
;lssel£s  of  previous  tests  showed  no  significant  indication  that  any  strength 
differences  existed  et  nfclsnt  temperature  between  the  series  of  compos  It  ions 
containing  37  and  40  art  carbon,  A  typical  micros tructure  of  this  composition 
is  shove?-  irk  Figure  50.  The  metal  alloy  existed  as  precipitations  within  the 
carbide  grains  With  little  primary  metal  evident. 

At  5*0*C,  the  average  strength  was  50,300  pel, 

Mich  equalled  the  average  strength  of  composition  8Ta-55Hf-3?C  at  ambient 
temperature,  the  micros  tructure  of  a  specimen  after  testing  at  540*C  is  shown 
in  figure  31.  At  1100 *C,  no  increase  in  strength  occurred  as  was  the  case  for 
Cgnpoalttom  fTa-55Cf-3?C.  The  average  strength  of  46,100  psi  indicated  a 
strength  behavior  characteristic  of  the  carbides,  wherein  the  strength  was 

to  or  alij&ti?  iewsr  than  at  ash  lent  temperature.  Sfo  differences  were 
voted  is  the  &{*}*€  miens  tructure,  sajwn  la  Figure  52,  when  compared  r->  the 
gdsapamtlructure  for  the  specimen*  tested  at  540*C, 


Eaport  AFRPL-Tt-68-143 


IaBLE  IX 


ELEVATED  TEMPE1ATUKX 


TLEVJU.  STXZXCTH  OF  hiciocokposite  compositiob 

8Ta-54Hf-38C 


Temperature, 

•c 


Specimen 


Flexure 
Streofeth , 
pel 


53,000 
4® ,100 
49,300 
50,900 
Av:  50,300 


Standard 
Deviatior , 

pui 


OcMlty, 

gi.g»3- 


2,120 

telative  Stcndard 
Deviation:  4.2X 


42,500 

44,800 

51,400 

45,900 

46,100 


3,780 

Belaclvc  Standard 
Deviation:  8.2X 


43,200 

54,6001 2 

61,200* 

45,800* 

i*,/002 
16,8O0: 
5, 100 3 


1,  Determined  on  apeclma&a  after  tearing 

2.  Specimen#  did  not  fracture. 
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Figura  SQ.  Typical  Xicroatructura  of  Cospoaition  BT*-S48f-33C 
(AablanC  X«peretur«) 
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III,  A,  Took  X — Development  of  Micrccospcsite  (coot.) 

At  1630*C,  one  temple  fractured  when  loaded  to 
61,200  pal,  while  eha  reaalulcf  samples  ware  loaded  free  43,200  to  54,600  pal 
before  deflection  of  the  staple  exceeded  the  deformation  allowed  by  the  three- 
point  load  train.  The  latter  teat  s  maple*  experienced  "hot  tearing"  but  did 
not  fracture.  Higher  croeeheed  rates,  up  to  O.lv  in. /sac,  did  not  result  in 
fracture  of  the  apaclnec.  The  Micros tructuras  of  specimen  So.  411,  43,200  pel 
strength,  and  So.  413,  61, 200 pel  strength,  ere  shewn  in  Figure  53. 

At  220Q*C,  ell  spoclaene  tested  carried  loads  of 
5100  to  14,700  pel  to  full  deflection  without  coop  late  fracture.  Subsequent 
slow  cooling  resulted  in  e  spheroid! zed  natal  precipitate  within  the  grains. 
Figure  54  shows  this  typical  aicroe  tructure . 

d.  Thermal  Expansion  Measurements 

The  linear  thermal  expansion  of  the  two  wdcroconpowlte 
compositions ,  CTa-55Hf-37C  and  8Ta-54Hf-38C,  wee  neesured  from  25  to  2047 *C. 
The  test  results  are  presented  in  Table  X. 


Prior  to  the  thermal  expansion  measurements  on  the 
specimens,  calibration  checks  were  made  using  sapphire  and  wrought  tungsten 
rods  for  which  expwnaioe  date  haws  been  accurately  established  In  the  litera¬ 
ture.  Figure  55  shows  a  plot  of  the  thermal  expansion  of  the  two  aicroccmpoelte 
compositions  and  the  calibration  checks  on  sapphire  awl  tungsten.  A  thermal 
expansion  curve  for  stoichiometric  hafnium  carbide  has  also  been  included  for 
comparative  purposes.  These  RfC  data,  as  reported  in  the  literature,  were 
derived  from  X-ray  diffraction  "d"  spacing*  (Reference  7) . 

A  comparison  of  the  curves  In  Figur*  55  shows  that  both 
uicrocompoeits  compositions  follow  the  expansion  behavior  of  HfC  to  approximately 
1600*C.  Above  1600 *C,  tits  thermal  expansion  of  both  cospoeites  deviates  slightly 
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Figure  54.  Typical  Mlcroatructure  of  C-oapositioo  8Ta-54Bf-38C 
after  Flexure  Testing  at  2200*C 
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TABLE  X(cOQt,; 


a.  Corrected  Keeeured  Date 


Specimen 
Temperature , 

•c 


Specimen 
xp analog,  la. 

0.00912 

0.01190 

0.01375 

0.01561 

0.01716 

0.02036 

0.02235 

0.03458 


The  null 
Exp ana Ion. 
In. /In.  x  10 ”3 


10.92 

11.98 

18.54 


Percent 

Deviation  Proa 
Leaat  Squama  Pit 


13.70 


b.  Leaat -Square-Fit  of  Data 


Temperature^ 

#C 


Thermal 
Sxpanelon, 
in. /In.  x  10"- 


Thermal  Exp ana ion 
Temperature  Coefficient, 
in./ln./*C  x  10-6 


10.38 

15.82 

22.24 

29.64 
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III,  A,  T«>k  1 — Development  of  Mierocoapoelt*  (coot.) 

tram  the  expanalon  of  hafnium  mooocarfelda.  Tha  difference*  let  expansion  «t 
the  higher  temperature* ,  2000  *C  end  over,  ere  undoubtedly  due  to  the  invent  ion 
of  the  Ta~Hf  alloy  predpltet*  pheec  Into  the  Ta-Hf  aonocarbld*  atructur*. 

The  the reel  expansion  of  the  two  compositions  cen  be 
exp reseed  by  the  following  equation: 

a  -  A1  (T-25)  ♦  (1-25) 2 

where  a  •  linear  thermal  ezpanaioo 
T  -  temperature,  *C 


For  Composition  8Ta-54Hf-38C: 

A^  *  5.685  x  10~*  ln./ln./*C 
A^  •  1.096  x  10"*  in./in./*C 


For  Composition  8Ta-55Hf-37C: 

Al  -  4.163  x  10~6  ln./ln./*C 
Aj  *  1.949  x  10~*  in./ln./*C 


e.  Therael  Diffueivity 


Th*  results  of  therael  diffuaivity  measurements  on  diree 
microcosposite  composition* ,  2T*-55Hf-37C,  13T*-50iif-3?C,  and  18Ta-45Hf-37C, 
ere  presented  in  Table  XI .  Mo  significant  differences  exist  in  the  value*  at 
•ebient  temperature.  At  54C*C,  the  difference#  in  data  are  coaaidared  to  be 
typical  of  tha  scatter  found  in  this  da terai nation.  A  comparison  of  these 

data  with  th*  literature  (laferenca  8)  ahov*  th*  data  to  b*  slightly  lower 

2  2 
than  th#  reported  value  of  0.08  ea  /sec  for  tantalum  aonoesrbid*  and  0.04  c*  /aac 

for  hafnium  carbida. 
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TABU  II 

TB3MAL  oirmirm  measoumbits 
or  (acaocovosin  corrositiors 


O*po*itioe, 

Taaperatura , 

•c 

Thnraal  Diffualrity 
o^/mc 

205 

*•33-37 

teblnat 

0.029 

Mb  lent 

0.028 

540 

0.033 

JM 

t-55-37 

tab  lent 

0.036 

Mb  lent 

0.026 

207 

13-50-37 

Me  lent 

0.027 

540 

0.039 

307 

13-50-37 

tab  lent 

0.023 

tit 

lt-43-37 

tablant 

0.023 

Mbiant 

0.07.9 
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III,  A,  Task  1 — Dsvsiop—at  of  Microcompoaite  (coot.) 

4.  Taak  St— Mtry 

Th«  significant  results  of  this  work  era  lumaflnkl  as  follow*: 

a.  A  low  oxygau  cor  ^.nt  la  th*  star  ting  uatari&lii  was  found 
to  be  required  to  C2us*  th*  desired  solution,  cod  precipitation  tf  iih#  tanta2.ua- 
hafnlu*  satal  alloy  phase  is  th*  cart  id*  grains. 

b.  Th#  optimum  conditions  for  fabricating  th#  nlcrocomposte 
are:  hot-pressing  temperature,  2500*f  •  tin,  IS  minutes;  pressure,  3000  p*i: 
and  cooling  rat*,  500*C/«lm£&. 

c.  Tbc  ambient  and  elevated  temperature  flexure  strength  of 
th*  aicrocomposlte  was  significantly  hipher  In  comparison  to  typical  strength* 
of  tantalus  and  hafnium  morocarbidms . 

d.  Large  difference*  in  flexure  strength  for  a  given  compo¬ 
sition  could  be  correlated  in  most  casas  with  the  appearance  of  the  fractured 
surfaces  of  the  specimens. 

e.  A  significant  decrease  --»*  stained  In  the  modulus  of 
elasticity  for  the  compos! tl on  gTs-55Sr-37C.  th*  ae-'Vlu*  wss  found  to  decrease 
with  inc-easing  hafniua  content  because  c*  the  low*-  modulus  of  th*  hafnium. 

f.  The  flexure  strength  of  compos i t i oo  tTe-i.*.*.- J7C  was 
found  to  Incrsass  with  teapersturs  to  1100*C  This  phenomenon  is  believed  due 
to  th.  occurrence  of  stress  relief  through  the  initiation  of  creep  in  the 
awtal  phase.  This  strength  increase  was  nearly  three  times  the  ambient 
temperature  strength. 
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XII »  A,  Task  1— Dave  lopeaa  t  of  Micro composite  (cont.) 

£.  Excellent  crack  arresting  characteristics  were  exhibited 
at  *  lava  Rad  temperature#  because  of  the  large  amount  *2  plastic  def  ormation . 

h.  The  thermal  expansion  characteristics  closely  followed 
the  expansion  behavior  for  hafnium  aonocarblde  up  to  1600 °C  after  which  some 
deviation  occurred. 

i.  The  tharmal  diffusivity  data  were  slightly  lower  then 
the  reported  det°  for  hafnium  aonocarblde. 

B.  TASK  2~ nEVZLoPMENT  OP  TANTALUM- CARBIB2-LINF.D  TANTALUM 

CARBIDE /CARBON  HYPERE JTE CTI C  COMPOSITE 

The  objective  of  this  work  was  to  investigate  the  major  fabrication 
va'o'.:bl*s  for  forcing  the  hypereutectic  composite,  to  develop  a  fabrication 
process  suitable  for  scale-up,  characterise  mechanical  and  thermal  properties 
at  aaiblent  and  elevated  temperatures,  and  to  develop  a  method  for  providing  a 
TaC  liner  on  a  hypareutf.ctic  substrate. 

1.  r  Ijpmenf  of  Fabrication  Procedures  for  Hypereutactic 

Cwov-wlte  *  "  “  ” 

a.  Equipment 

The  hypereutectic  carbj.de  composites  were  formed  by  a 
direct  resistance  fusion  and  drop-casting  technique.  The  hot-press  and  fusion- 
ccetlng  furnace  is  shown  In  Figure  56. 

The  furnace  chamber  is  designed  to  be  operated  at  60  psi 
of  flowing  helium  during  the  hypereutectic  drop  casting,  Pelium  enters  the 
two  Jight  porta  and  flows  through  carbon  sight  tubes  extending  c:  within 
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III,  1,  Task  2 — Development  of  Tantalum-Carblde-Llnad  Tantalt* 
vG  Gerbids/Caibco  Bypereutsctlc  Composite  Ccont.) 

0.23  fa.  of  the  jtvfkito  die.  The  use  of  flowing  heliue  during  the  furnace 
operation  prevents  the  atmosphere  within  the  tube  froa  becoming  cloudy  with 
cstbem  vapor,  thus  enabling  accurate  teapcreture  neaeurenants  in  the  black 
body  kola  within  the  graphite  fusion  casting  no  Id.  The  pressurised  ays  tea 
greatly  seduces  eublimetlom  of  the  graphite  and  vaporisation  of  the  powders 
bslug  melted,  thus  enabling  good  eoapoeltional  control  of  the  starting  Materials . 

Tmparatura  measurements  are  made  through  two  calibrated 
quarts  glees  windows  with  a  Model  95-84  Pyro-Micro- Optical  Pyroi* tor.  Tempera¬ 
ture  is  controlled  by  a  powers  tat  which  control*  the  input  voltage  to  the 
aaturab la-core  reactor.  Figure  57  is  a  close-up  view  of  the  control  panel 
flkovfns  the  accessory  controls .  A  temperature  programmer  has  bean  built  into 
the  control  circuit  which  permits  controlled  heating  and  cooling  rates  or 
constant  tag i return  arrest*  to  be  automatically  maintained  within  the  furnace. 
Autos* tic  operation  of  the  controller  is  accomplished  by  e  silicon  phetodiode 
sensor  which  neaeuxes  total  radiation  from  the  black  body  hole.  A  closed-loop 
power  control  maintains  e  constant  set  power  level  to  the  furnace .  Fine  manual 
adjustments  of  the  saturable  core  reactor  can  also  be  accomplished  with  the 
programmer. 


For  hot-pressing  operations,  double  acting  hydraulic  rams 
ere  opereted  simultaneously  or  independently .  Loads  are  transmitted  from  the 
raw  to  water-cooled ,  copper  raw  which  extend  through  0-ring  seals  into  the 
furnace  chamber.  Control  of  the  two  hydraulic  rams  is  maintalnsd  by  ssparats 
pressure  gsgss  and  nesdls  valves. 

Power  Is  supplied  to  the  furnace  by  a  175  kv,  440  v, 
single-phase,  stapdowa.  transformer  having  an  output  of  8  v  and  a  delivery 
capacity  up  to  22,000  tap.  The  output  of  the  transformer  is  controlled  by  a 
saturable  core  reactor.  Power  la  transmitted  to  th a  furnace  by  1000  MCM  super 
flexible  welding  cables . 
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(1}  Tantalum  aonocaxfcids  pcwder  Is  blended  with  graphite 
yoriwt  to  the  asset  coepositdcm  desired  sad  hot-pressad  to  fora  a  danse 
cylindrical  compact  la  order  to  minimise  the  slaa  of  the  aeltlng  crucible. 


(2)  Hie  compact  la  inserted  into  a  graphite  crucible- 
aold-die  uhich  la  direct  raalstanoe  heated.  A  step  in  the  inner  dl vaster 
separate*  the  crucible  section  free  the  sold  cavity  and  retains  the  coup  act 
•til  malting  occurs , 

(3)  The  conpact  la  unlfoznly  heated  to  a  temperature 
below  the  liquldua  with  the  heating  rata  programed  to  prevent  overshooting  of 
the  desired  temperature.  As  the  compact  la  eel  ted,  the  nelt  ia  gravity  fed 
into  tha  sold  cavity  below  which  it  is  then  cooled  et  e  controlled  rate  to 
produce  graphite  flakes  of  the  desired  shape,  sise,  and  distribution. 

(4)  After  casting,  tha  hypareutactlc  sanpla  ia  reaoved 

by  iplituag  tha  dia. 

c.  Casting  Development 

(1)  Temperature 

The  seat  critical  processing  parameter  ia  the 
temperature  of  tha  malt.  The  temperature  meet  approach  but  not  exceed  the 
liquidise  temperature  in  tha  hypereutactie  region.  Ibis  region,  aa  shown  in 
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III,  B,  Task  2 — Development  of  Taatalua-Carbide-linad  Tantalum 
Carbide /Carbon  Hyperautectic  Composite  (coat.) 

Ch*  tantalum-carbon  phase  diagraa  developed  by  Rudy  end  Harmon.  Figure  58 
(Reference  2),  locates  the  eutectic  temperature  at  3445  +  5*C.  The  liquidize 
temperature  is  approximate  and  1*  depleted  by  the  dotted  lines*  Above  the 
liquidue  taaperature,  the  salt  will  dissolve  carbon  free  the  graphite  crucible, 
causing  deviation  from  the  required  composition.  At  temperatures  far  below 
the  liquidue,  undissolved  carbon  will  appear  in  the  structure.  In  addition. 
Insufficient  taaperature  above  the  eutectic  results  in  improper  flow  and  too 
rapid  solidification  of  the  aelt. 

(2)  Ties  at  Taaperature 

The  time  required  to  equilibrate  the  carbide- 
graphite  coapect  in  the  salting  region  of  the  graphite  casting  mold  is  dependent 
upon  the  taaperature  gradient  that  davelopa  along  tha  length  of  the  graphite 
■old  and  the  mass  of  the  hypereutectic  coapect.  It  la  Imperative  that  the  run 
be  terminated  once  melting  is  completed  to  alnlals*  reaction  of  the  cast  billet 
with  the  graphite  mold. 

(3)  Graphite  Casting  Mold  Design 

Initial  scale-up  of  the  fusion  casting  of  the  TaC~C 
hypereutectic  composition*  required  designing  a  mold  capable  of  melting  and 
casting  billets  1.5  ir.  die  by  3.0  in.  long.  In  establishing  tha  mold  design, 
the  following  criteria  were  satis fled: 

(a)  Provide  sufficient  total  resistance  to  achieve 
end  maintain  temperature*  from  3300  to  3600'C. 

(b)  Maintain  a  uni fore  tampers tuts  along  tha 
length  of  the  melting  cevlty  to  assure  uniform  melting  of  the  coapect. 
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III,  B,  Tuck  2— Development  of  TantaliM-Carbide-Lined  Tantalum 
Carbide /Carbon  Fypereutactic  Composite  (cent.) 

(c)  Develop  a  rapid  quench  of  the  malting  in  the 
casting  cavity  below  the  malting  cavity. 

(d)  Provide  an  adequate  wall  thickness  to  account 
for  graphite  sublimation  and  to  contain  the  melt. 

(4)  Castings  1.5  in.  dia  by  3.0  in.  long 

The  appearance  of  a  typical  as-cast  1.5- in. -dia  by 
3.0-in. -long  billet  is  shown  in  Figure  59a.  The  bottom  of  the  billet, 
contained  some  "cold  shut"  extending  approximately  0.5  in.  Socd  temperature 
control  minimised  carbon  pickup  from  the  die  and  no  reduction  in  the  OD  of  the 
billet  was  necessary.  The  materiel  on  the  top  of  the  billet  near  the  melting 
cavity  increases  in  carbon  concent  since  the  melt  is  hotter  and  more  favorable 
for  reacting  with  the  graphite  die.  After  cropping  both  ends,  billets  approxi¬ 
mately  2.5  in,  long,  solid  and  dsfect  free,  as  shown  by  th*  cross-sectional 
view  in  Figure  59b,  were  obtained.  A  total  of  25  billets  of  this  sise  were 
cast  from  the  following  compositions. 


TaC, 

c. 

c. 

c. 

v/o 

v/o 

atX* 

wtX»* 

80 

20 

62.2 

3,873 

70 

30 

67.9 

6.461 

60 

40 

73.2 

9.702 

50 

50 

78.2 

13.879 

*Th*  balance  being  Te. 
»*The  balance  being  TaC. 


The  material  required  for  the  Mb lent  end  elevated  temperature  property 
characterisations  and  BBS  noscle  inserts  for  thermal  shock  and  corroclon  teats 
vers  obtained  from  these  billeta.  Thi«  sise  billet  can  ba  cast  with  approxi¬ 
mately  90S  probability  that  a  solid,  usable  billet  will  be  attained. 
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h.  Croes-aacticmal  view  of  billet 


U 

(...) 

O 

0 

o 

( J 

o 

I  ) 

v.,„  „ 

O 

u 

o 

'■•rn* 


) 


i 

\ 


X  ) 


*■  Ae-sant  Appearance,  weight  1000  get 


Figure  5$,  .r  *  t  billet  of  T*C-C  Hype reu tec tic  Composite 
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III,  B,  Task  2 — Development  of  Tantalum-Cart Ida-Lined  Tantalum 
Carbide /Carbon  Hypereutectic  Ccapoeite  (coot.) 

(5)  S'**' ' -Op  to  4.2-lo.-dia  by  3. G- la. -long  Castings 

Seal* -up  to  produce  4. 2- In. -die  by  3 .0- in .-long 
bill  eta  was  accomplished  in  a  graphite  sold  designed  to  satisfy  the  sans 
criteria  established  for  casting  the  1. 5-in. -die  billets.  The  aold  design 
that  evolved  after  taking  these  criteria  Into  consideration  was  found  to  be 
very  similar  in  configuration  to  the  mold  design  used  for  casting  the  1.3-in. -die 
billets  except  s  center  Cube  was  incorporated  la  the  casting  cavity  to  prcvlda 
a  hollow  casting  and  to  minimise  ID  machining  of  nestle  «aaerce, 

The  first  trial  casting  was  made  with  an  80  v/o 
TaC-20  v/o  C  compact  weighing  2500  p ».  A  4.2-*ln,~OD  by  2-in . -ID  by  1.2-la.- 
hlgh  billet  wee  cast.  Evidence  of  shut”  aa  shwwn  la  Figure  40  wee  found 

aidvity  through  the  thickness  of  the  billet.  The  melting  temperature  wee 
increased  and  s  successful  css  ■  log  was  made  aa  sheen  in  Figure  61.  Figure  62 
cthova  a  aactioc  view  taken  at  tne  center  of  the  billet.  The  grain  structure 
la  small  and  uniform  throughout  the  wall  thickness  and  there  la  no  evidence 
of  porosity. 


Malting  of  compacts  weighing  SC 00  ga  was  required 
to  obtain  the  not* Is  inserts,  Vhe  aa-caet  appearance  of  a  300C— g»  billet  la 
shown  in  Figure  63.  Tills  4.2-in.-OD  by  2.0-in  -ID  by  2 . 25-in. -high  billet 
*W«d  nc  *v<  dance  of  "cold  ahur"  or  eiplng  and  minimal  react  loo  with  the 
graphite  mold  However,  self,  leased  into  the  loner  cavity  of  the  graphite 
canter  tube  luring  cast  tag,  Leaving  e  cavity  .  the  billet. 
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Figure  63.  A*-C**t  Appeerencr  of  5000  ga,  4. 2-in. -die,  T*C-C  Billet 
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III,  B ,  Teak  2 — Development  cf  Tantalum -Carbide-Lined  Tantalum 
Carbide /Carbon  Hyperoatectic  Composite  (cont.) 

2.  Materiel  Propertiea  Characterisation  for  Hypereutectic 
Compos 1 tea 

a.  Flexure  Strength 

Testing  was  accomplished  on  0.25-in.  by  0.25-in.  by 
2.0-ln.  spaciaena  using  thraa-point  loading  on  a  1.5-in.  span.  A  crosshead 
travel  rata  of  0.02  in. /minute  was  used  for  all  tests  up  to  1100*C.  Above 
this  temperature,  a  rate  of  0.2  in./alnute  was  used.  Preparation  of  the 
speciaans  was  the  same  as  previously  described  for  the  alcrocoaposlte  composi¬ 
tions.  Tests  were  aade  at  aabient,  540,  1100,  1650,  2000,  and  2200’C. 

The  test  results  are  reported  in  Table  XII.  The  compo¬ 
sition  is  reported  as  the  voluaa  percent  (v/o)  of  graphite  flake  (the  carbon 
in  axcaaa  of  the  eutectic)  for  ease  in  correlation  with  alcrostructures .  The 
eutectic  composition  is  61  +  0.5  atZ  carbon  figure  58).  Expressing  the 
eutectic  In  v/o  TaC  (containing  ^9.4  atZ  carbon)  and  v/o  carbon  gives  an 
81  to  19%  alxture,  respectively.  Figure  64  le  a  plot  of  voluaa  percent  of 
carbon  and  graphite  flake  versus  atomic  percent  carbon.  The  composition  of 
each  sample  was  calculated  froa  density  measurements .  A  carbon  analysis  at 
the  fracture  surface  was  also  determined  on  each  specimen  after  testing.  These 
analyse*  of  the  specifier  at  the  Traciur*  surface  did  not  appear  representative, 
probably  because  of  the  small  amount  of  notarial  used  which  was  not  representa¬ 
tive  of  the  carbon  content  In  the  sample.  When  a  larger  sample  was  removed 
from  the  specimen,  a  correlation  was  found  between  the  car’  content  derived 
by  analysis  and  calculated  from  density  measurements.  Therefore,  carbon 
coeposltione  were  derived  by  density  measurements  since  this  is  the  most 
ecooondcal  measurement. 
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TABLE  XII 

PHYSICAL  PROPERTIES  OF  TaC-C  HYPEREUTECTIC 
COMPOSITIONS  WITH  VARYING  CARBON  CONTENTS 


Temperature, 

°C 


Specimen 

Number 


Graphite  Flake 
Content,* ** 


Flexural  Strength, 
pal 


Modulus  of 


Ambient 


540 

1100 

1650 

2000 

2200 


447A 

8 

17,650 

38.2 

441B 

9 

14,810 

31.5 

443A 

8 

14,540 

33.0 

439E 

12 

6,310 

20  O 

446C 

15 

6,090 

20.6 

446A 

15 

5,640 

24.8 

441C 

9 

5-190 

30.9 

446B 

15 

4,610 

25.1 

438B 

15 

4,150 

17.8 

438C 

18 

3,970 

13.2 

438A 

11 

3,260 

28.0 

446D 

17 

2,860 

22.8 

443F 

20 

2,120 

14.3 

44  3D 

19 

1,480 

13.5 

443B 

17 

820 

13.1 

45 1C 

8 

27,260 

45  IE 

9 

9,400 

45  IF 

10 

20,250 

35.2 

460E 

9 

2,330 

30.3 

460G 

9 

6,810 

43  7A 

9 

7,940 

437C 

9 

5,100 

452A 

9 

6,370 

460F 

9 

7.570 

462A 

11 

2,040 

46  2D 

10 

14,850 

29.4 

46  3G 

11 

7,170 

446E 

14 

14,240 

24.7 

446F 

12 

26,190 

462B 

13 

12,730 

4621 

10 

14,020 

443G 

20 

4,460 

16.7 

46  LA 

19 

8,450 

437A 

9 

16,130 

443G 

22 

4,470 

-+372 

10 

16,140 

44  3H 

22 

8,930 

450A 

15 

14,163 

462C 

4 

33,150 

*On  the  baa',  c  of  density  measurements . 

**A11  moduli  taken  at  sabient  temperature 
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III,  B,  Task  2 — Development  of  Tantalum-Carblde-Llnad  Tantalim 
Orbida/Carbon  Bypereutectlc  Composite  (coot,) 

A  plot  of  ambient  temperature  strength  data  versus  carbon 
content  is  shown  is  Figure  65.  Ambient  temperature  specimens  containing  a  low 
graphite  flake  content  (8  to  9  v/o  C)  normally  bad  high  strengths,  from  14,540 
to  17,650  p«i.  The  compositions  containing  high  flake  contents  i 19  to  20  v/o  C) 
had  low  strengths  in  the  range  of  1480  to  2120  psi.  Widespread  rences  in 

strength  at  the  same  compositions  were  found  which  led  to  evaluation  of  the 
micros tructure  of  each  specimen  at  the  fracture  surfaces  to  determine  struc¬ 
tural  differences. 


Specimen  No.  451c,  tested  at  540*C,  had  a  high  flexure 
strength,  27,260  psi.  The  microstructure  of  this  specimen  shown  in  Figure  66a 
consisted  of  short,  thin,  and  very  evenly  dispersed  graphite  flakes  in  the 
eutectic  matrix.  Specimen  No.  460a  had  low  strength,  2330  psi,  and  a  micro¬ 
structure  with  graphite  flakes  that  were  long,  coarse,  and  randomly  dispersed 
M  »'uv*>u  in  Figure  56b.  The  micros  tructurai  appearance  of  specimen  No.  460c, 
which  had  an  intermediate  strength,  6810  pel,  is  shown  in  Figure  67a.  The 
graphite  flakes  in  this  specimen  are  intermediate  in  sire  and  distribution  in 
comparison  to  flakes  in  those  specimens  (460*  and  451c)  having  low  and  high 
strengths.  Specimen  No.  451e,  with  a  strength  of  9400  psi,  had  a  microstructure 
(Figure  67b)  which  more  closely  resembles  the  microstructure  charac.tttri.stlc  of 
the  high  strength  composite,  specimen  No.  451c.  However,  the  light  arses 
around  the  graphite  flakea  can  be  described  ae  "divorced  carbide."  Thaee 
araaa  ware  formed  during  solidification  of  the  ms.lt  thereby  graphite  from  the 
eutectic  tends  to  diffuse  to  the  graphite  flake  areas  leaving  single-phase 
tantalum  carbide  region#  surrounding  the  primary  graphite. 

The  specimens  tested  et  1100*C  hsd  fairly  uniform 
strengths  in  tht  range  of  6000  to  8000  pel.  The  mlcroetructures  of  these 
specimens  at  the  fracture  surfaces  ware  vary  similar  in  •pyeareaca  to  the 
micros true ture  of  specimen  No.  460 f  which  is  shown  in  figure  68a.  Specimen 
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a.  Speclmea  No.  Compositions  Cv/o  Graphite  Flake, 

Flexure  Strength,  27,260  pel 


— -  501 

b#»  Spec  Lawn  No .  1.606,  Co^pociticj'iS  Shr/c  Graphite  Plaice  , 
Flexure  Strength,  2330  pM 


.  Micro* true Cure*  of  T»o  1&C-C  Hyper*.  itectic  Spectator 
Having  Lov  and  High  Strengths  at  SiO*C 
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Figure  86 
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fc.  Sa^la  M-o.  U5i*»  CoKpositioci  ?r/o  Granhit*  Flak*, 
Timcur*  St.  -.’fifth,  ?!x00  p*l 


ir«  i'\  Microstruccurai  Coupsrison*  -*f  T*u<  Hjrpereutectic 

iowpesites  Exhibiting  lu  rinsed  late  Strengths  at  5*0*C 
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b.  Specimen  No.li62a,  Composition:  llv/o  Graphite  Flake, 
Flexure  Strength  20h0  psi 


Figure  68.  Micros tructural  Comparisons  of  TaC-C  Hypereutectic 
Composites  Tested  at  1100°C 


Report  AFRPL-TR-68-143 


( 

III,  B,  Task  2— Development  of  Tsntalua-Carbide-I ined  Tantalum 

Carbide /Carbon  Uypereutectic  Composite  (cont.)  f 

v 

Mo,  462a  had  the  lowest  strength,  2040  psi,  of  the  specimens  tested  In  this 

series.  The  microstructure  of  this  specimen  shown  In  Figure  68b  had  a  high  ^ 

concentration  of  long,  randomly  dispersed,  graphite  flakes  in  the  region  of 

fracture.  * 


The  apecimeua  tested  at  1650 °C  underwent  noticeable 
plastic  deformation.  Strengths  at  this  point  become  apparent  values  since 
the  flexure  formula  is  not  valid.  The  specimens  were  capable  of  sustaining 
loads  over  a  longer  period  of  time  than  the  aicrocomposite  or  other  carbide 
compos 1 tea  previously  tested.  At  tela  test  temperature  and  at  the  lower 
temperatures,  the  hypereutectic  composites  exhibited  outstanding  resistance 
to  crack  propagation.  The  graphite  flakes  readily  dissipate  crack  energies. 

A  "stair-step"  crack  patters  occurs  across  the  thickness  of  the  specimens  as 
shown  in  Figure  69.  Figure  70s  shows  the  microstructure  of  specimen  No.  446f 
which  had  tha  highast  strength  at  1550*C,  26,190  psi.  Hie  flakes  in  thiB 
mlcroetructure  are  re. la  timely  coarse  because  of  higher  '  :.srbc-i  content;  however, 
the  length  of  the  flakes  was  relatively  short.  Figure  70b  snows  the  micro- 

1  structure  for  specimen  No.  4621,  which  had  unusually  short  grephite  flakes. 

i 

i  The  specimens  tested  at  2200*C  had  considerable  strength 

variation,  Tha  highest  strength  of  33,lb0  psi  was  obtained  with  specimen 
Ho.  462g  which  had  a  4  v/o  graphite  flake.  The  aicrostructure  of  this  ep'claen. 
Figure  71c,  Md  relatively  thin,  hort,  evenly  dispersed  graphite  fishes,  The 
cosprsitlons  having  high  carbon  contents  (12  v/o  graphite)  had  extremely  low 
stresigth-  rig  are  71b  shows  the  heavy  graphite  flake  distribution  tn  apectmen 
Mo.  443g  which  had  the  lowest  flexure  strength,  4470  psi. 
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SACRAMENTO.  CAL  N't 


Figure  69.  Fr -cture  Pattern  in  TaC-C  Hypereutectic  Flexure  Specinena 
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Specimen  So.  itW,  Ccwpoeiiiont  12r/o  Graphite  Flake 
Flexure  Strength,  26,190  pel 
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b*  Speclaea  So.  Ji62<.,  CoMposlUani  lOv/o  Graphite  Flake 
flexure  Strength.  lSi,020  pel 

Figure  70.  Kicroatruwturel  Coaperieors  of  laC-C  Hypertutecf 
Composite*  Tested  at  1650* C 
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b.  Staple  Ho.  Ui3«,  C oppositions  ttofa  Oraphita  Flaks, 
Flsxurs  Strength,  Ui70  pal 


Figure  71.  Hlcrofttructural  Coasp^t t»cn*  of  TtC-C  Hypereutectic 
Co«r  Litton*  Tested  at  220Q*C 


Page  127 


Report  AFRPL-TR-68-143 


III,  B,  Task  2 — Development  of  Tantalua-Citbide-Lined  Tantalum 
Casblda/Carbon  Hypereutectic  Composite  (coot.) 

b.  Modulus  of  Blaatidty 

Sonic  modulus  of  elasticity  muutmmu  were  mads  at 
ok blast  tamparature  on  flexure  apaclaass  prior  to  flexure  testing.  The  conic 
Hkilta  data  ora  presented  in  Table  XII.  The  correlation  between  ths  aoduluo 
of  elasticity  and  carbon  content  ia  shown  in  Figure  72.  Specimens  with  graphite 
contents  of  9  to  11  v/o  had  moduli  of  approximately  30  x  10*  pel.  The  modulus 
of  elasticity  decreased  significantly  with  increasing  carbon  contents  to  a 
level  of  approximately  13  x  10®  pci  for  compositions  with  18  to  19  v/o  graph its. 

c.  Thermal  Expansion 

TWo  hypereutectic  compositions  representative  of  the  low 
and  high  carbon  contents,  9  v/o  end  16  v/o  graphite  flaks,  were  selected  for 
llneer  expansion  esasur aments  from  2$  to  2172*C.  These  specimens  were  tested 
owing  the  procedures  and  equipment  previously  described  for  thermal  expansion 
me— woman  ta  an  the  wicrocompoelte .  The  teat  results  ore  pres  anted  In 
Table  nil.  In  section  b  of  both  tables ,  the  themsi  expansion  data  hm 
been  expressed  in  terms  of  total  thermal  expansion,  in. /in.  x  10  ,  sod  m  a 

thermal  expansion  coefficient,  in./in ./*C  x  10'*®. 

A  plot  of  the  thermal  expansion  data  for  the  two  composi¬ 
tions  —  a  hmetitm  of  temperature  is  shown  ia  Figure  73.  For  comparative 
purpose* .  thermal  expansion  data  for  stoichiometric  Ta C  os  reported  in  the 
literature  (Reference  7)  and  calculated  ft am  X-ray  dlf frectloe  "d”  apaclngs 
hove  beam  included  ia  the  figure.  A  comparison  of  the  expo— loe  curves  shove 
that  both  depositions  closely  follow  the  expansion  behavior  of  ton  talus 
moooearhld*.  The  16  v/o  graphl'a  composition  hod  a  slightly  higher  expansion. 
Whether  this  difference  can  be  attributed  tc  41  fferercee  in  carbon  content 
eoeld  require  further  iaveetigatioe. 
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TAILS  nzz 

Lina  T8SMAL  KXP ASSIGN  MKASt.&MINTS 
rot  Tac-c  HTmnrrsrnc  compositions 

Coa&oelclont  16  v/o  Graphite  Flaka 

o 

o 

o 

••  Corrected  Huwnd  Dote 

fftdan 

Teaporoturc ,  Specioen 

*C  Expenoloo.  la. 

Thermal  Percent 

Expansion,  ..  Deviation  from 

la. /In.  x  10“ J  Laaat  Square?  Fit 

o  o 

783 

0.01016 

5.84  3.92 

o 

1024 

0.01291 

7.42  0.22 

1225 

0.01342 

8.86  1.11 

0 

1420 

0.01799 

10.34  1.10 

1626 

0.01957 

11.25  6.62 

0 

1839 

0.02390 

13.73  0.29 

2113 

0.02892 

16.62  4,85 

0 

b,  l4Mt-lq«in-nt  of  Data 

Thermal 

Tharaal  Expansion 

0 

Tw;ir«tawt 

Expansion, 
la. /In.  a  10“  ^ 

Temperature  Coefficient, 

(3 

•c 

in./ln./’C  x  HT* 

300 

3.50 

7.00 

o 

1000 

7.23 

7.25 

1300 

11.07 

7.38 

2000 

14.95 

7.47 

'  J 

2500 

18.89 

7.55 

3000 

22.90 

7.63 

O 

?•«•  uo 


U  ! 

o! 

O 

o 
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o 

o 

o 

o 

o 

o 

o 

0 

0 

0 

0 

D 

0 

0 
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TABLE  I1II  (cont.) 
Composition:  9  v/o  Graphite  Fluke 
a.  Corrected  Measured  Data 


Specimen 


Temperature, 

•c 

Specimen 

EnCana ion.  In. 

737 

0.00753 

1081 

C. 01151 

1233 

0.01430 

1460 

0.01647 

1684 

0.01943 

1873 

0.02206 

2172 

0.02514 

b.  Lew  t- Square-  Fit  of  Data 

Temperature , 

•c 

Thermal 
Expansion 
In. /in.  x  10' 

300 

2.91 

1000 

6.19 

1500 

9.71 

2000 

13.45 

2300 

17.42 

3000 

21.62 

Thermal 

Expansion, 

In. /In.  x  1G”3 

Percent 

Deviation  from 
Least  Squares  Pit 

4.31 

2.83 

6.76 

0.22 

8.19 

5.06 

9.43 

0.16 

11.13 

0.69 

12.64 

1.26 

14.41 

2.59 

The  ml  Expansion 
Temperature  Coefficient, 
in./la«/*C  x  IQ"6 

3.62 

6.19 
6.47 
6.72 
6.96 

7.20 
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III,  B,  Teak  2 — Development  of  Tantelun-Carbf de-Lln&d  lantslun 
Carbida/Carbon  Hypereuteetic  Conposfte  (cent.) 

Thermal  expansion  of  the  two  conposltlous  can  be 
expressed  by  the  following  equation i 

a  -  Ax  <T-25>  ♦  A2  (T-2'i)2 

where  a  ■  linear  thermal  axpanaion 
T  «  temperature,  *C 

For  Composition  9  v/o  Graphite: 

"■  5.90  x  10~*  in./ln./’C 
A2  -  0.4562  x  10~9  in./in./*C 

d.  Thermal  Dlffuaivlty 

The  results  cf  thermal  olffusivity  neseurew.te  on  Three 

TaC-C  hypereutectic  eompositione  is  pzareated  In  Table  XIV.  The  differences 

In  date  ext  considered  to  b«  tyjical  of  the  scatter  found  in  this  ds tend  ration. 

A  comparison  of  these  date  with  the  literature  (Reference  8)  ehow*  the  data  to 

2 

be  slightly  lower  than  the  reported  value  of  O.CB  cm  /sec  for  tsotslua 
aocoesrb  J « . 

3 .  Dasjajtoflagast  of  Plf/uaioo  Foy^at  Technique  for  taC  liner 

Date  published  on  the  diffusion  rates  la  the  t e-C  ►leery 

system  are;  limited.  Diffusion  coefficients  for  carbon  in  TaC  between  1700 

sad  2700  'C  were  l&temined  by  JWselck  end  Selgl*  (Refer c"c*  9).  A  value  of 
_a  2 

5.13  x  10  cm  /sec  vm  observed  at  260G*C,  Irises  (kaftreac*  10;  dsteretoed 
the  di  f fiwlin  coefficients  of  carbon  ta  TaC  between  2200  and  2650*C  and 
r*p'>rtad  a  value  of  2.22  s  10  ‘  cnVcec  at  2*0C*C . 


For  Composition  16  v/o  Graphite: 
Ax  -  7.317  x  10"*  in./ia./*C 
A2  -  0.1269  r  llT9  ln./ic./^C 
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TABLE  XIV 

HEMAL  DIFTUSIVITT  MLA8UBKMEST6 
Of  T«C-C  HYPEE2UTECT1C  COMPOSITES 


Ce^'MltlOO 
f/a  Graahlta  ?l«Jc* 

laaperar/ara , 

•c 

Thermal  Dlffi 
cm*/*) 

• 

Ambient 

0.059 

540 

0.0*0 

775 

0,04$ 

775 

0.040 

Aobiime 

0.0*55 

540 

0.050 

775 

0.05* 

• 

Aafelamt 

0.055 

540 

0.044 

540 

0.044 

775 

0.033 

773 

0.035 
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III,  B,  T-'Sk  2— • Development  of  T*ct*lv!»*Carb?de-Lla«d  Tac...alu» 

Carbide /Carbon  Hyperaurectic  Composite  (coot.) 

The  diffusion  coefficient  of  carbon  in  T«  natal  wee  dttvr- 
cdnad  to  ba  6.58  x  10  cm  /arc  at  26Q0*C  by  RaI iaovich,  at  al.  (R* farmer  11). 
This  value,  along  with  thoee  reported  for  carbon  diffusion  in  TaC,  indicates 
that  th*  tantalum  —  Cal  reaction  with  TaC~C  hypereutectic  should  not  proceed 
at  a  high  enough  rata  to  provide  a  TaC  coating  ow  suitable  thickntsr. .  However, 
Reference  11  rise  shoved  that  the  diffusion  coefficient,  B,  was  linear  depen¬ 
dent.  on  temperature,  leg  D  -  f  (1/T),  up  to  1800 *C  and  then  showed  e  positive 
deviation  from  linear  depenuunca  up  to  2600®C.  Should  this  deviation  continue 
above  2600*C,  ch*  diffusion  rotes  could  be  adequate  for  providing  a  diffusion- 
forned  TeC  coating  of  suitable  thickness.  This  deviation  is  attributed  to  an 
increasing  activation  energy,  E,  with  temperature.  The  re*»lt  is  an  increasing 
value  for  the  diffusion  coefficient  with  temperature, 

a.  Carbon  Dif fusion  in  Tantalise  Metal 

To  establish  i*h*ther  s  suitable  TaC  coatl&£  on  a  iaC-C 
bypereutectlc  substrata  could  be  achieved,  the  process  parameters  i*f  time  and 
temperature  were  studied  by  reacting  Ta  aetal  with  graphite.  These  data  were 
considered  to  be  of  the  seme  order  of  magnitude  as  those  for  Ta  reacting  with 
the  TaC-C  bypereutectlc.  Diffusion  couples  were  made  of  Ta  and  carbon  and 
annealed  et  temperature  from  2600  to  3?C0*C. 

The  tantalus  — tul  used  lb  thia  investigation  was  325  mash 
powder  of  99.9$  ♦  wtX  purity.  Tha  chemical  analysis  of  the  powder  is  show*  in 
Table  I.  The  powder  was  pocket  in  a  0.5-in.-dla  hole  drilled  in  an  ATJ  grade 
graphite  block  end  placed  la  *  graphics  heater  which  in  turn  was  inserted  into 
the  resistance  furnace  shown  An  Figure  56.  The  furnace  was  ov* passed  *hl 
being  heated  to  1000*0  under  vacuus* ,  backfilled  ta  4  atm  of  Delias,  end  then 
heated  to  tht  desired  diffusion  nxul  temperature  at  2tA)’C/mia at* .  T.;-  tee- 

pasture*  were  —soured  with  a  Leeds  end  Borthrwp  optical  oyrosmter  on  the 
graphite  heatvr  et  a  point  1  in.  above  the  aaorp'e.  After  di* fusion,  the  thick- 
Oft—  cf  tbs  carbide  ioywrs  were  aft— ured  oe  pbot&Rlcrographa  token  et  50  to 
20QX. 


Page  115 


Report  AFRPL-TR-6 8-143 


111,  B,  Task  2 — Development  of  Tantalum -Carbide -Lined  Tantalum 
Carbide/Carbon  Hypereutectic  Composite  (cont.) 

The  carbide  layer  growth  data,  listed  in  Table  XV,  show 
tbs  resulting  l^C  and  TaC  layer  thicknesses.  A  revitw  of  these  data  indi¬ 
cates  that  the  TaC  layer  growth  was  minimal,  <0.1  cm  at  2600,  2850,  and  3000 °C, 
for  all  durations  up  to  23  minute?.  In  addition,  a  Ta^C  layer  was  formed. 

The  phases  present  in  the  diffusion  layer  developed  at  3100°C  for  2  minuted 
are  shown  in  a  photcsicrograp a  in  Figure  74.  A  TaC  layer  0.1  cm  thick  was 
formed  at  320C*C  in  10  minutes  along  with  appreciable  Ta^C. 

b.  Tantalum  Diffusion  in  TaC-C  Hypereutectic 

TaC  liners  were  formed  by  reacting  Ta  metal  with  TaC-G 
hypereutectic  substrates  on  the  ID  of  0.75-in ,-OD  by  0.20-in. -ID  by  0.5-in- 
loag  specimens.  The  process  temperature  was  3300*C  and  duration  was  10  minutes. 
Although  the  temperature  approached  the  melting  temperature  of  the  substrate 
(3443*0,)  and  was  therefore  a  difficult  process,  a  Q.l-cm- thick  coating  as 
shown  in  figure  75  was  obtained.  The  undesirable  Ta^C  layer  formation  was 
absent. 

4.  Task  Summary 

The  results  of  this  work  «re  summarized  as  follows: 

a.  The  ability  of  the  fusion  and  drop  casting  process  to 
melt  end  C<18 1  Tnw“C  billets  up  to  4,2  in,  in  diameter  has  been  demonstrated. 

b.  Strength  variations  for  a  given  composition  at  the  same 
tsst  temperature  can  be  correlated  with  the  morphology  of  the  graphite  flake. 
Flakes  that  ar*  thin,  short  in  length,  and  evenly  dispersed  arc  conducive  to 
higher  strengths  for  a  given  composition. 
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TABLE  XV 


SUMMARY  OF  DIFFUSION  DATA  FOR  CARSON  IN 
T&  AND  TaC-C  HYPEREUTECTIC 


System 

Diffusion 

Temperature,*C 

Diffusion 
Time,  min 

WT„C  <cm>1 

WTa2C(an) 

Ta-C 

2600 

5 

N.D.2 

1.8  x  10" 

2850 

1 

3.8  x  10~3 

1.4  x  10" 

3000 

1 

I.Sl  x  10"2 

1.5  x  10" 

3000 

£ 

2.4  x  10"2 

4.2  x  10" 

3000 

5 

3.2  x  iO-2 

53  x  10" 

3000 

10 

4.3  x  10"2 

6.4  x  10 

3000 

23 

8.9  x  IO*2 

8.8  x  10" 

3100 

2 

2.6  x  10* 2 

— 

3200 

1 

2.1  x  10"2 

2.8  r  10": 

3200 

3 

6.0  x  10  "2 

— 

3200 

10 

1.1  x  10"1 

— 

(TaC-C) 

~Ta  3300 

10 

1.1  x  10_i 

nil 

1.  W  -  Width  of  carbide  layer 

2.  Not  detectable 
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III,  fl,  Teak  2— Development  of  Tantalua-Casblde-Llnad  Tantalum 
Carbide/ Carbon  Hyparautectic  Composite  (coat.) 


c.  The  etreagth  and  modulus  at  eeblent  temperature  decreased 
significantly  with  increasing  carbon  content.  This  same  ccncluaion  regarding 
elevated  temperature  strength  data  is  not  readily  apparent  because  of  the 
Halted  nuaber  of  teats. 


d.  The  thermal  expansion  characteristics  closely  followed 
the  expansion  behavior  for  tantalise  aonocarbide. 

e.  The  thermal  diffuolvity  data  were  slightly  lower  than 
the  reported  date  for  tantalum  monocarbidea . 


f.  A  diffusion  procass  for  forming  a  TaC  lirer  on  a  TaC-C 
hypereutectic  substrata  wee  successfully  -'saonatrated. 

C.  TASK  3— THERMAL  SHOCa  RESISTANCE  EVALUATIONS 


0 

3 

3 


The  objective  of  this  teek  was  to  determine  the  thermal  shock 
resistance  of  the  aicrocor-posite  end  TaC-€  hypereutectic  compositions  end  from 
this  thermal  shock  resistance  establish  their  suitability  for  high-temperature, 
solid  propellant  nosale  applications.  Two  micro composite  compos it ions , 
8Ta-55Hf-37C  end  8T*--34Hf-38C ,  and  TaC-C  hypereutactic  compositions ,  with 
variations  in  graph! ta  flake  contents  from  7  to  20  v/o,  were  evaluated. 

1.  Experimental  Setup  jr  Hyper thermal  Environmental  Simulator 


The  Hypertheraal  Environmental  Simulator  (HES) ,  showr.  in 
Figure  74,  was  used  for  the  thermal  shock  testing.  The  HES  Is  a  high -pressure, 
1-megevatt  plasma  generator  facility,  developed  for  vete*ial  studies  in  which 
controlled  rocket  motor  combustion  environments  and  thermal  stress  conditions 
can  be  sisulated.  The  HES  system  can  be  operated  et  pressures  up  to  500  peig. 
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III,  C,  teak  3 — Thermal  Shock  Resistance  Evaluations  (coot.) 

at  gas  temperatures  to  1U,000*F,  and  at  flow  rates  between  1  and  20  lb /minute, 
depending  on  the  gas  composition  and  enthalpy  required.  At  maximum  power,  In 
excess  of  1.2  megawatts,  the  system  Is  capable  of  being  operated  for  durations 
up  to  3  sdnutes.  The  unit  can  be  operated  with  nitrogen,  nittogen-hydrogan 
mixtures,  and  simulated  propellant  combustion  mixtures  including  carbon  dioxide, 
carbon  monoxide,  hydrogen,  hydrogen  chlorine,  nitrogen,  oxygen,  and  water.  To 
duplicate  the  thermal  shock  environment  of  a  rocket  engine,  initial  heat  flux 
to  the  sample  must  be  high.  The  test  procedure  for  HES  thermal  shock  tests  Is 
to  start  gas  flow  at  full  flow  rate  and  then  to  start  the  arc  at  the  full 
power  level.  The  resulting  start  transient  is  similar  to  e  rocket  motor  st*rt 
transient. 


The  candidate  composite  bodies  selected  for  thermal  shock 
verification  were  prepared  as  swell,  tubular  specimens  with  an  ID  of  0.20  in., 

0D  of  o. 75  in.,  and  u  length  of  C.75  in.  for  the  microcomposites  and  0.5  In. 
for  the  hypereutecclc  composites.  Each  composite  specimen  was  press-fitted 
into  an  ATJ  graphite  backup.  The  inaert/graphlte  assembly  vaa  pressed  into  a 
cylindrical  silver-infiltrated  tungsten  holder.  The  use  of  a  holder  possessing 
a  high  strength  and  a  high  modulus  of  elasticity  vaa  found  to  be  required  to 
prevent  the  graphite  backup  from  cracking  during  firing  due  to  the  higher  expan¬ 
sion  Of  the  carbide  insert. 

The  arrangement  of  the  specimen  in  the  graphite  backup  after 

attachasenc  to  the  HES  nourle  is  shewn  schematically  in  Figure  77.  The  overall 

schematic  arrangement  of  the  HES  test  setup  is  shown  in  Figure  78.  As  shown, 

the  specimen  vaa  attached  to  the  noxxle  of  the  HES  unit  and  thermal  shock 

testing  was  accomplished  by  passing  the  hot  plrsaa  consisting  of  a  nitrogen/ 

helium  gee  mixture  through  the  specimen.  A  7.5  vtX  addition  of  helium  was 

elded  to  the  nitrogen  plasma  stream  to  increase  the  heat  flux  to  the  required 

2 

minimum  level  of  2800  Btu/it  /sec.  Cold-wall  hect  f lures  developed  during  the 
duration  of  the  test  were  measured  by  the  .copper  calorimeter  affixed  at  the 
exit  ei-d  of  the  specimen. 
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III,  C,  tmk  3 — Iborwal  Shock:  is  tone*  Evaluatloca  (cone.) 

2.  Csalgn  of  Xsoart  fog  Ihasml  gxKfc  Xggtg 

The  Boat  i^ortnt  criteria  lu  the  doaiga  of  too  tfcanul 
attack  loaart  waa  to  aou^rt  Chat  vha  act* rial  b«l^  tastad  would  undergo  s 
eritieol  tost  md  pro parly  aiaulata  the  ecoditiwaa  odor  which  rha  aatarioi 
will  ho  l«a tod  La  tha  fwil-scnis  noasla.  lirablialtlog  thl*  dasign  lsra>I  vad 
Brlvl*|:  da tailed  tkou!-  aed  stress  *«olpit»  of  various  daslfus  to  a*tarbli,#h 
tki  optima  wall  thie&nass  aacassaxy  to  wicdcisa  tharonl  gradient*  and  raduca 
critical  KttMi.  do  propartlas  of  too  aderecospoeite  carbida  were  usee  in 
tkNi  Mttlvoo*. 


lhi*a  troll  th1dmoc«w,  0 . 10 k  0.15,  aac  0,273  is . ,  »*r* 
eowfdind  id  tha  design  of  tha  BBS  insert.  tbs  »*l*cticu  of  those  thldnussaa* 
MS  baaed  opcat  fabrication  conelderatlocs ,  igmcdI*  to  full -*c Ale  scaling 
factors  in  ro  loti  ok  to  stress  conditions  sod  expected  awterial  regreasicc  during 
CM  costs,  do  full-ecelt  noasla  design  Uwt  waa  analysed  vaa  niolltr  to  that 
dlSMCMOSOd  Is  o  M&MqMBt  section,  DesooeC  ration  firing  T**ia.  Varying  ua.ll 
rhf  ctnnaaaes ,  0  25,  0.5,  and  1.0  Is,,  for  the  throat  iwitt  wars  included  in 
tha  ailpfj.  Both  tfeo  US  and  full-scale  inserts  «w*  *eialy*ed  with  graphite 


At  Aerojet  ccoputor  nnfr»  uhleh  permits  ua*  c!  a  large 
atadhet  of  concentric  cylinders  oad  allowa  input  of  dlffarest  acta rial  properties 
foe  each  cylinder  was  at  111  sad  in  *ha  arraoa  analysis.  In  ehla  progrm 

tha  anisotropy  of  aach  notarial  la  tha  a»m  principal  dlractiou* — hoop, 
ta^ltadlaai,  mi  through  *ha  Chickaree — ■%*  takas  into  account.  Input  of 
Wiota  «4  constraint  ooaditlcaa  art  alas  provided  for  as  wall  «s  lacar&al 
pro seats,  To  sdemtageouel?  aaa  this  computer  prog  roc,  the  physical  and  tharoal 
ptsporUoa  of  the  notarial  swat  Vs  carefully  aeiectad  aa  typical  and  effective 
Mr  nooala  c'-‘: real  chock  maHtlcoo  before  lasariiie  Into  the  computer  pregrsn. 
Iha  trioolal  atnaaaa  which  appear  critical  era  Investigated  by  the  o ctahadte? 
ohoorlag  civaas  !aik»  erica  view  atom  aa  foll-ws ; 
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III,  C,  Teak  3 — Thcrnal  Shock  Raeistenee  Evaluation*  (cost.) 


-  in \f( 


(0J  -  02)^  +  (Oj  ~  °3^  +  (Oj  -  o^)2 


-7“?' 


where  0  la  taken  as  the  short-tine  failure  strength  of  the  material  at 
teaperatotv ,  and  the  factor  V  rcrrloea  a  safety  or  correlation  factor  whas. 
corrections  for  stress  concentration,  surface  roughness  dm  to  nsehlnlng,  cr 
other  extraneous  influences  appear  to  effect  0  . 

The  slsvated-taaperstuxe  flexural,  strength  Input  data  uaed 
Is  this  progrne  arc  shown  la  Figure  7).  the  value*  estimated  for  Tala* on** 
ratio  afid  iM  oodalut  of  elasticity  ea  a  function  of  tanpcr&ture  axe  fiwa  in 
figure*  80  and  81,  raspectivwly.  A  stress  ,  using  these  oatiaatad 

values,  showed  that  axtransly  high  tangential  tan* lie  ir.rwott  would  develop 
cm  the  outer  surface?  of  both  the  eflbeeale  and  full-scale  ineerta.  The  values 
obtained  were  well  shove  the  ultimate  strength  of  the  noterl^l. 


Sdbseqmnt  eeiuyeew  were  conducted  taftlag  stress-*  traits  charac¬ 
teristics  seder  rapid  "dwnul  shock’  type  loading.  Tree  knowledge  of  the 
-  trass-*  train  behavior  of  the  nieroconpoelce  at  slier  atraia  rates,  creep  data, 
end  the  behavior  of  other  refractory  Materials,  as  eatinate  was  node  of  the 
street-strain  Vohuwlor  of  «5«  nJ  croton?  velta  composition  dYa-55Hf-J7C  at  high 
load  rates.  Th*»*  ractiaaiad  streae-u  train  curves  fraas  aaMeac  to  *000*F  ere 
preaaatsd  in  Figure  li.  Analyaas  Baitsg  taewi  ytsjwrtiw  indicated  that  the 
tine  at  which  'die  naxlanc  the  real  gradient  existed  1*  Che  iaeert  was  not 
necessarily  the  tine  it  which  critical  serves  a*  were  developed.  Taarefere, 

It  bacene  apparent  that  a  store  real  is  ti:  expression  of  the  rer teflon  of  strew* 
with  vine  wee  regained. 
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Flgur**-  79.  Elevated  T«o<p«*ratura  Flexural  Strength  Data 
Input  for  Strees  Anel/eia 


<av<* ted  Tentperatur*  Fjiciiute  of  Poisson's  FUcio 
r  Hterocoaipoaita  for  Stress!  Levt^la  Selov  Yiald  Point 


8Ta-55H?-37C 


Repost  A'f RPL-TR- 53-14 3 


_j _ L _ _ I _ 1 _ I _ l 

a  e  £ 

!Si  $1  *^P»sr3  P  sninpow 


o 


Page  1U8 


Figure  81.  Elevated  Temperature  Estimate  of  Modulus  of 
Elasticity  tor  Microcouipcsitf 


-intended  to  be  applicable 
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Flexural  Stress-Strain  Curves  (Tensile  Fiber)  under 
Rapid  Loading  for  Microcompooite  Composition  8Ta-55Hf-37C 
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ni,  C,  Task  \ — There*!  Shock  laslstanca  Evaluations  (coat.) 

The  pmaeUr  chocea  to  reflect  these  variations  was  es 

felloes z 

K  -  (AT)  (I)  (P) 

SoC 

ehere  T  •  tessera  tore  gradient 

*##c  *  secant  modulus  of  elasticity  which  Is  ties  dependent 

f  »  geometrical  tent  which  varies  only  with  the  thickness 
of  As  inserts. 

The  Charnel  coefficient  of  expansion,  a,  is  also  important  in  determining  the 
nagni tmfla  of  stress.  Its  vttidillity,  karmr,  with  tins  is  not  ss  significant 
as  the  factor*  AT  end  E  .  Analysis  of  the  full-ecal*  nosxl*  insert  la  shown 
graphically  in  Tigur*  *3.  The  raSolU  show  that  K  decreases  with  thickness, 

even  tfeovsgh  At  increases,  because  of  the  decreases  In  X  and  P. 

sec 

The  SOtS  insert  designs,  with  well  thicknesses  of  C.IO,  0.15 
and  0.275  in.,  were  analysed  in  terns  of  the  variation  o l  the  parameter  K  with 
tine.  The  magnitude  of  the  stresses  which  develop  on  the  0D  of  the  insert 
daring  the  initial  second  of  the  HAS  test  ere  presented  in  Table  m.  As 
•hove  by  the  data,  the  insert  with  e  0.275-in.  well  thlefcaesa  had  the  lowest 
®  stresses  after  0,5  sec  and  therefore  has  the  best  chance  of  surviving . 

Ihis  well  thickness  wee  therefore  selected  for  the  HIS  insert. 

The  date  fro*  a  similar  analysis  of  the  full-scale  insert 
with  varying  thldoasaoae  1*  presented  is  Table  mi.  The  variation  of  the 
FT  ana  ter  K  with  tine  is  shows  graphically  in  figure  64.  The  insert  with  a 
0.5-in.  mm  thickness  was  determined  to  develop  the  lowest  00  stress  of 
55,4®  pai  after  2  wee  of  firing.  Tha  critical  stresses  for  all  thicknesses 
at  som  point  in  tins  were  found  to  he  sear  the  oltiaate  strength  of  th* 
adcroconpoeite.  Idas  a  graphite  backup  is  nasi,  the  a  trees  vslswe  ere  reduced 
ky  an  estimated  10  to  202. 
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Figure  83.  Variation  of  PirMMUr  K  aa  *  Function  of  Insert  Thickness 
for  Full-Scale  Nozzle  Insert 
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TABLE  TTL 

SUB8CALB  IBS  MG2ZLP!  H8BKT 
vAmnon  or  paiametbk,  i,  with  tub 


*  -  (AI)(*MC)  * 


ahtns 


B  •  Sacnt  Modulus 
**  at  Fallen 


P  - 


tSC  la.  £ 


7s*c  152 


Tins, 

f»c 

AT. 

•F 

A*  Tap, 
•F 

k 

ilt 

10"° 

QD  StrwiK 
P*1 

A. 

0.273-1*. 

-thick  XM«rt  r  - 

°-“2i  sn^y’oi 

0.6 

3321 

1741 

13-3 

26,600 

3.05 

49,500 

1.0 
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IXI,  C,  Task  3 — Thermal  Shock  Resistance  Evaluation*  (coot.) 


arlaental  Results 


«u  Mlcrocomposite 

Duplicate  thermal  shock  tests  vara  conducted  with  the 
two  compositions,  8Ta-55Hf-37C  sod  8Ts-55Hf-38C .  The  test  conditions, 
regression  cat* ,  and  weight  loss  are  shown  In  Table  XVIII.  Tor  each  composi¬ 
tion,  ooa  test  was  planned  for  a  duration  of  2Q  sec  and  the  other  for  60  sec. 
Three  tests  were  as  planned;  the  fourth  was  terminated  after  Id  sec  due  to 
overheating  of  an  exhaust  tube  in  the  HES  unit. 

The  typical  poet test  appearance  of  an  insert  free  each 
composition  la  shown  in  Figure  85.  All  specimens  contained  radiv'  cracks, 
which  extended  the  length  of  the  specimen.  The  8Ta-55Hf-37C  specimens  remained 
physically  intact  after  removal  from  the  graphite  backups.  The  racial  crack 
patterns  could  be  observed  in  the  graphite  backup  ea  e  result  of  the  carbide 
expanding  into  the  graphite  during  the  firing.  This  observation  established 
that  cracking  occurred  during  heatup  rather  than  during  the  rapid  cooldown. 

The  BTa-54Hf-38C  specimens  contained  more  radial  cracks  than  the  8Te-55Hf-37C 
specimens  and  fractured  into  small  mosaic  segments  between  the  radial  c  sek 
planes.  As  shown  in  Table  XVI I I ,  no  material  regression  was  experienced  in 
the  throat  region  and  the  amount  of  weight  loss  wee  insignificant. 


Examination  of  the  micros true tore  of  the  8Ta-54Hf-3dc 
specimens  showed  a  aonocarblde  cone  0.060  in.  deep  on  the  flame  surface.  Metal 
alloy  existed  In  large  pools  within  the  grain  boundaries  of  the  mooocavblds. 
Below  thli  some,  there  was  a  gradual  transition  over  a  distance  of  approxi¬ 
mately  0.030  in.  from  the  monocartlds  phase  to  the  characteristic  micvoccmpo- 
elte  structure  with  the  metal  precipitated  throughout  the  grains. 
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SIX,  C,  tuck  3»fh«t*el  Sh-ck  ites  latent  a  Evaluations  (coat.) 

EsmiMttimj  of  cha  mJ.cz  ot  tractor*  of  the  8Ta-S5Bf-37C 
fwrl—iai  showed  that  tb*  radial  cracks  Initiated  at  tfca  OD  and  torntnated 
■MW  tk«  flam  Tha  pbntoeiciogr 3ph  la  Pigura  9$  then*  the  temtnetio-a 

«t  «  orach  totter  the  (Imm  awrfasa  in  an  Inert,  The  characteristic  precipitsted- 
isul  allaf  phme  tttiarf  fhgaagfoont  th*  talcfcisaa  of  the  Inserts.  Som  of  the 
HUt  lll«y  cttttm  orf  flowed  lato  the  creche  this  originated  it  the  OD  of  the 
lMoort  min  tomr 


Sts  result*  of  the  psrfoteancut  mlnitlim  an  this  eerlee 
«f  tharal  ahedk  tats  an  she  one  nicrocowpasite  conposltlons,  8Ti-552f-37c 

mi  «t  oeawerleed  ee  follmi: 

(1)  Bo  weterlel  regression  occurred  for  either  coapo- 
eltimi  therefore,,  nlcr  asp  ailing  or  etaolm  effects  do  not  appear  to  he  a 
pceMn. 

(2)  Bo  green  Material  lose  hy  "cheeking”  or  ejection 

jf  <«P— ta  occurred  for  either  competition. 

(3)  Vim  Chennai  etnas  cracking  occurred  In  both 
•mgeoi^-lTSO  inriof  tnof  firing.  Crocking  mm*  less  severs  for  the  conpooitioo 
•Ba-Sfflf-l ?C.  this  Is  helinnd  to  he  *  result  of  the  greater  voltase  of  T*-Hf 
ami  alley  In  the  grain  homisrlsa  in  coqpsrlson  to  tts-MBf'BC. 

h.  **C-<  Bypereufct  1c  Caepnaltss 

Is  th*  themel  shock  resist  sacs  evaluation  of  the  TsC-C 
fagyonwtectis  oanpectltea,  sight  tests  sen  conducted  to  evslustc  ▼•rise Ice*  in 
OMhoa  gotten*  mi  mrem  of  the  TeC  flees  liner  oe  the  TsC-C  substrate, 
the  owgarittoil  tested  together  with  tent  coalitions ,  regression  races ,  end 
mgk$  hone  fie  each  cm  en  pnemtoi  in  Table  six. 
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III,  C,  Task  3—Ther»al  Shock  Resistant*  Evaluations  (cont.) 

In  the  first  u cries  of  teats  which  were  conducted  on 
inserts  without  «  TaC  liner,  the  variation  in  carbon  content  was  expected  to 
provide  a  variat^a  in  resistance  to  thermal  shock.  However,  none  of  the 
four  insevts  tested  cracked.  There  waa  no  significant  material  regression. 
Figure  87  shews  the  excellent  posttest  appearance  of  tL  c^crt  from  composi¬ 
tion  7  v/o  graphite  flake,  which  was  typical  of  all  the  inserts  tested  in  this 
series . 

The  second  series  of  four  thermal  shock  evaluation  tests 
was  conducted  on  Inserts  which  had  a  TaC  liner  formed  in  situ  on  the  1T>  flaae 
surface.  The  hypereutectic,  substrates  were  of  varying  graphite  contents, 

8,  15  and  19  v/o.  No  surface  regression  occurred.  However,  a  slight  weight 
less  was  noted.  These  minor  losses  were  believed  to  be  a  result  of  the 
material  loss  during  the  sectioning  of  the  insert  from  the  graphite  backup 
and  not  during  firing.  Examinations  of  the  thin  TaC  liners  showed  no  evidence 
of  spalling  or  cracking.  The  coatings  remained  integrally  bonded  to  the  hyper¬ 
eutectic  substrates.  No  evidence  of  cracking  ves  found  in  the  three  inserts 
with  the  high  graphite  flake  contents,  15  and  19  v/o  graphite.  The  remaining 
Insert,  No.  452-1,  which  had  a  graphite  flake  content  of  8  v/o,  had  t  slight 
amount  of  radial  cracking  in  the  exit  portion  of  the  insert  as  shown  in 
Figure  88.  The  micros tructure  in  this  region  was  found  to  be  of  the  eutectic 
composition.  The  absence  of  primary  graphite  flakes  accounts  for  the  poor 
thermal  shock  resistance  of  the  material  in  this  region. 

4.  Task  Summary 

The  results  of  the  performance  evaluation  on  this  series  of 
eight  thermal  shock  tests  are  summarized  as  follows; 

a.  The  TaC  coated  or  uncoated  hyperout^ctic  inserts 
experienced  no  significant  material  regression  from  microspalling,  chunking, 
ejection  of  the  TaC  coating,  or  erosion. 
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bit  ?i«r  of  laaart  So  459-1,  Showing  no  Structural  degradation 


b,  3*ctiorad  View  of  ’Cnaart  is  Graphite  Bolder 


figizra  87.  Appearance  of  B/p*r*ut*ctlc  Iswart,  Coorpouitioc  7  v/c 
Graph  It*  flake,  Alter  It^rwal  .Shock  T  sating 
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1.2X 

b.  Sectional  View  of  Insert  in  Graphite  Holder,  Spec.  No.  452-1 


2, 8X 


Sc  Exit  Virv  of  Insert  No.  452-1  Shoving  Radial  Cracas 

Figure  88.  Appearance  of  TaC -Coated  Hypersutectic  Insert, 

Composition  8  v/o  Graphite  Flake,  Showing  Radial 
Cracks  after  Thermal  Shock  Testing 
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m»  C,  Task  3— Thar—].  Shock  laslstanc*  ivaluatlaos  (coat.) 

b.  to*  uncMttd  hyper— tcctic  iuscits ,  both  It*#  carbon 

a— fate  (7  Wo  granite  flak*)  —i  high  carbon  contents  (15  to  1?  v/o  graphite 

fUn),  414  not  amparianc*  ther— 1  ttmi  crocking, 

c.  to*  TaC  coctod  hyper-tactic  insert*  wish  carbon  eor.teats 
ft—  15  to  lk  Wo  graphite  flak*  exhibited  no  thermal  cracking .  On*  contsd 
In— gt  containing  8  v/o  graphite  flak*  developed  radial  cracks  in  a  region 
44«k  waa  fond  to  b«  of  tactic  coapasitlun. 


0.  TASK  4— CBBfXOL  COHOIGM  RVALQATTCHS 


th#  objective*  of  this  work  were  to  dates*!—  the  relative 
resistance  of  the  two  candidate  mlcrocoopoelte  and  T*C~C  hyper- 
canpoaltaa:  (1)  in  an  amrlt.namot  sisuistiog  the  exhaust-gas 
of  tb*  —tor  taata  to  be  conducted  in  a  subaequ est  task,  and  (2)  to 
1—  tin  two  ccapoaltas  in  varied  propellant-gas  chemistries  to  define 
on— if  1  capablUtia*  of  the  —  terial  wyass— . 


1,  Teat  Procedure* 

Tea  ting  was  accomplished  in  the  hypsr  thermal  .nivlrocjsental 
si—lator  (KBS)  in  a  aimer  similar  to  dta  thermal  shock  tabling  previously 
described.  Bagresslon  rate*  were  — asurad  at  specified  lecatloes  is  the 
carbide  Insert  and  in  the  entrance  and  exit  sections  of  the  ATJ  graphic* 
bolder.  These  —deal  locations  are  shows  in  Figure  S9.  In  the  rocket 
—tor  simulation  tests ,  the  specimens  were  evaluated  by  slmulstiag  the  pro¬ 
pellant  and  firing  conditions  to  ba  used  in  the  full-ecsle  motor  firings. 

The  —lid  propall— t  simulated  in  these  tests  bad  s  flan *  temperature  of  6500°F 
and  15  —1*3  oxidising  gases  in  the  propellant  exhaust  gas.  The  principal 
art  dialog  gases  considered  corrosive  to  the  carbides  at*  H20,  CC„  and  OH. 
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HI.  9,  Task  4— Classical  Coitus  ictt  S valuation*  (coot.) 

<U**ed)  it  alee  corroeivw  but  etui  effort  of  variations  in  tbs  |mm 
fkmem  the  of  foot  of  variations  in  AljOj  content,  Tbs  corrosive  offset*  of 
UQNii  AljOj  on  boffc  the  Rleroeaapcelte  and  Y*C~€  hypereutsctic  cuepnsltss 
«K«  <tt*a**s*J  La  Ufcxtnc*  12.  A  separate  progrsn  ucoax  AFtFT  sponsorship 
wot  MSs&tefeMi  at  the  Coodpaont  Laboratories,  lb<jnpaon-fcenrt4fooldrtdge ,  Cleveland 
Ohio*  to  prJxailXy  establish  tbs  eegnltode  of  the  reactivity  problem  batmen 
AljCj  a%4  thooo  carbide  coupon i tea. 


Ii’  the  esvlrganoxitol  capability  test*,  three  solid  propellant 
*tt«  Blnalatod  with  higher  oxidising  potoutiaia  than  in  the  first  series  of 
tost*,  tfea  oxidant  levels  mr*  t,  18.  sn«l  24  roleS  with  flans  taaperatures  of 
8300*  ®S90,  wd  58W*F,  respectively .  fhe  third  curios  of  testa,  comparative 
tost*.  »br  eoadttcted  wlti$  inserts  of  Carbor'ssdrw's  Grads  G-90  graphite. 

2.  facptttJbaaatai  teeslta 

a.  Xcckat  Kotor  Sinulaflae 

A  cospilotioo  of  tho  toot  cosdltioo*  and  aatarlal 
regression  rats*  ore  reported  in  Section  A  or  Table  XT 

The  initial  twt  cordur ted  vaa  vith  the  ccaposi  Moo 
•Se^MUS *37C,  Insert  No.  472.  Tits  tost  was  stepped  after  20  sac  duo  to  a 
fcuciV'thtsajgh  within  the  sample  end  graphic*  bolder  which  el  loved  gases  to 
escape  leto  the  water-cooled  ample  holder.  .4  post  teat  semination  of  the 
ample  end  Ww  graphite  holder  revealed  that  the  higher  theme!  expansion  of 
the  carbide  Insert  censed  the  graphite  backup  U  crock  longitudinally  to  tl<e 
aetvaaco  region.  This  allowed  the  plum  got  to  flow  through  the  crock  end 
4m*go  the  8h&l&l*s9«eteel  ample  holder.  Tills  p  rob  Iasi  was  alleviated  by 
MtUng  •  dilvor  infiltrated  tvagstos  tubs  aa  atom  la  Figure  !7.  The  cerbi de- 
graphite  iasorat  were  pram-fitted  Into  She  negates  tube.  The  use  oi  the 
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HZ*  0,  Yank  4—Chanlcal  Corrosion  Evaluations  (coot.) 

HimHat  vi  til  •  hlgbar  modulus  of.  elMtidt;  «Uowi  the  tube  Co  partly 
MMtnii  tfc*  thermal  growth  of  the  graphite  holder,  thus  preventing  thi 
MUhr  frm  crogfctng. 


la  the  next  too  caeca  with  compositions  8T*~54fi£-3hC 
•at  D!»>S9f«3?€  (Imerta  Is.  471  mi  Bo.  473,  raspactively) ,  problem  ware 
atewatinl  is.  ok raining  the  13  aslsi  oxidant  level  ir  the  plena  gas.  Partial 
f^aggfog  of  the  ovygan  inlets  to  tin  ale  chamber  had  occurred  with  Insert 
Me.  *Tl  mi  the  inlets  became  completely  plugged  with  Insert  So.  473.  This 
hfp—  vary  mlim  sad,  therefore,  war  not  detected  until  after  the  teat  with 
Twit  So.  473  dee  a  lot.  -p  vaasa.  a  decay  was  noted  in  the  oxygen  line. 

Ia  the  fourth  teet  ■’it1'.  «vap»->ei.tian  ST“-54Hf-38C, 

Tire  erf  Be.  441,  oil  of  the  teet  conditions  were  achieved.  The  regression  rate 
of  the  carbide  Insert  wee  0.40  alla/eoc.  The  graphite  is  the  exit  region  of 
the  insert,  locations  3  end  4,  had  regression  rotas  of  0.42  and  0.74  nils /see, 
respectively,  wkx;*  were  approximately  the  sans  rate  as  the  carbide  insert. 

Yae  graphite  located  in  the  ea trance  section  of  the  insert,  location  1,  had  a 
subtly  l^w  regime* tor  rate  (0.47  ni la/»ec) .  The  weight  loss  was 

37.31  for  the  wd-eac  test.  4  poet teat  accrue  tree  coral  examination  showed  that 
the  insert  developed  tha  same  t/nv.  of  scenic  creekiag  previo  ialy  discus  .ad  fo.- 
this  composition  in  the  section  os  thermal  shock  tests.  Hicroatructural 
Madaatim  trowed  e  this  raid*  fils  an  the  flans  surface.  Below  this  film 
wna  a  this  layer  (<0.050  is.  thick)  of  mottocaxblde .  Below  this  sons,  th«ue 
mm  a  gradual  trwsitlon  over  a  distance  of  0.100  ia.  to  the  characteristic 
aicmtractan  cental  slag  tha  precipitated  alloy  phase. 

The  lent  of  the  testa  on  the  aicmconpoaite  compositions 
wan  with  compost  tic*'  Insert  Bo.  474.  this  teat  was  tarainateu 

hftnr  23  sec  die  to  overheating  of  a  tub*  used  to  duct  the  ejduu iat  geacs  into 
s  water  eefobher.  8w*m,  iJtm  teet  coed; exons  end  data  were-  not  jeopardised. 
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111,  0,  Task  4 — Chemical  Corrosion  Evaluations  (cent.) 

The  regression  rate  of  the  carbide  insert  was  1.08  mils/sec,  s  lightly  higher 
than  previously  obtained  for  the  composition  8Ta-54K  f-33C ,  Insert  No.  481. 

The  graphite  in  the  exit  sections  had  regression  rates  of  1.04  and  0.88  nils /see, 
which  are  also  higher  than  that  obtained  with  Insert  No.  481. 

Pcsttest  examinations  shoved  the  etase  type  of  radial 
cracking  which  was  observed  for  thia  composition  In  the  thernx  1  shock  teats. 
Micros true tural  exsmi nations  shoved  a  alight  oxide  fils  on  the  flame  surface. 

The  characteristic  natal  alloy  phase  existed  at  all  depths  From  the  flame 
surface. 

Using  the  skk  gas  composition  as  for  the  previous 
microcomposite  tests,  the  TaC  coated  (approximately  0.010  in.  chick)  TaC-C 
hypereuteecic  composition*  were  evaluated.  The  backup  material*  were  1.1,  13, 

17  and  19  v/u  graphite  flake.  Throat  zmasureaenta  from  which  regression 
rates  were  calculated  were  not  obtained  for  tie  one  composition  17  v/o 
graphite.  Insert  So.  451-2,  because  the  graphite  holder  ar.ri  saranls  were 
shattered  in  the  process  of  being  pressed  free  the  tungsten  sample  holder. 

The  regression  rates  for  the  other  three  were  1.73,  1.75,  and  1.93  mils/sec 
for  the  carbide  insert?.  Nc  correlation  with  respect  to  cowpoci  tic«  could 
be  established  for  the  hypereutectic  compositions.  Indications  were  that 
tha  chin  TaC  coatings  were  removaa  in  5  to  10  sec,  leaving  the  hypereutectic 
substrate  exposed.  The  regression  patterns  were  not  uniform  *nd  all  three 
of  the  Inserts  >«uderwent  high  material  losses,  ranging  from  3b. 6  to  58.5  wt*  , 
for  the  80-*eo  test  duration. 

Figure  90  show*  the  appearance  after  testing  of  the 
composition  19  v/o  graphite,  Sample  No.  458-1,  which  Had  s  regression  rate 
of  1,/i  suis/nec  szal  had  thw  highest  material  loss,  58,3  wtX.  More  uniform 
sate  rial  regression  experienced  with  the  composition  13  v/o  graphite. 
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III,  0,  Irak  4— Chanlcsl  Corrosion  EvsJuatlona  (coot.) 


Insert  Bo.  45M,  which  had  a  regression  rata  of  1.93  olla/aac 
Idas  of  3f .63.  Tha  appearance  of  thi*  lnaart  after  tee ting  Is 
rigors  91. 


and  a  vmight 


Tha  ATJ  grapulta  plugs  behi-i  the  carbide  inserts 
experienced  significantly  higher  regresaie  rates  than  tha  carbide  inserts . 
Tisane  regi-naslo*  rates  at  locations  3  and  4  varied  froo  2.42  and  3.82  oils  /esc 
aod  axe  coorlderably  higher  than  aeticipated  baaed  upcn  the  results  of  the 
nlcroea^oeits  tests.  The  regression  retea  in  tbs  graph  it?  entrance  ranged 
froo  0.6  to  0.77  aila/eec,  which  Is  comparable  to  the  regression  rets  ob"-«in*d 
with  adcrocoopaeite  Insert  Bo.  481. 


The  s^ptretlo  results  of  tb>  rocket  so  to:  siauletion 
tests  on  both  the  nicrocomposit*  end  the  TeC  C  bype  veutecti  c  composites  an 


siaaMrlsad 


fellow : 


(1)  The  two  nicroconpaslte  composition?  exhibited 
SBoprtntisetely  equal  aiateriel  regression  rates  with  the  recorded  difference 
dt m  to  ^lljhtly  different  test  gss  compositions  m  indicated  by  :b*  graphite 
entrance  end  exit  ngtsMioo  rates. 

(2)  The  four  TeC  lined  TaC-C  V, ^•*«utcctic  composites 
hid  avjriler  regression  ftps .  Be  correlation  bnuieen  the  retc  ot  materiel 
regression  and  hypersviectic  oacpoeltiaa  wee  obtained . 

(3)  The  TaC-C  bypersutectic  cenpaaites  had  ante rial 
regression  rates  ?t‘  to  l&OX  higher  than  'he  rates  obtained  fot  the  two  eicro- 
c<ep "s  i  te  compositions.  This  difference  can  ha  attributed  to  the  formation 
r.-f  tha  ktpbev  uniting  atids,  .  on  the  flaw  surface  of  tha  ml  croc Deposits 
in  comparison  to  Ta,0j  formation  on  tha  bypf'.reutectic. 
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b. 

Figure 


2.  dX 


Exit  Vie-  or  Insert  No-  458-3  Regression  Kate  1.93  lails/sec 
wt.  Loss  36. 6Z 


1.2X 

Sectional  View  of  Insert  ir.  Gr  ?hif:t  Holder 

93.  Appearance  rf  TaC  Coat-d  lypereutectic  Insert, 

Composition  1,  v’o  Graphite  Flake,  After  *.ocker  Motor 
Simulation  Text  (P  onelU  ■  >’  13  Mole  Z  Cxidants) 
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III,  D,  Task  4— Chemical  Corrosion  Evaluations  (cone.) 

(4)  A  comparison  of  the  regression  data  obtained  from 
the  thermal  shock  tests  and  the  rocket  motor  simulation  tests  clearly  estab¬ 
lishes  that  the  mechanism  of  material  regression  for  both  composite  carbide 
systems  is  cnemical  corrosion. 

b .  Environmental  Capabiii ties 

In  this  series  of  tests  (Table  XX),  the  micro composite 
composition  8Ta-54Hf-38C  and  the  TaC  lined  TaC-C  hypaieutectic  compositions, 
17  and  16  v/o  graphite,  were  evaluated  with  simulated  solid  propellant 
exhausts  having  oxidant  levels  of  8,  18,  and  24  mole%.  The  mote  oxidation 
resistant  micro composite  composition  was  tested  at  oxidant  levels  of  18  and 
24  mole%.  The  hypereutectic  composites,  because  of  poorer  oxidation  resis¬ 
tance,  were  tested  at  oxidant  levels  of  8  and  18  mole%, 

Microcompo3i te  Insert  No.  475,  which  was  tested  at 
IS  mole';  oxidants,  had  a  regression  rate  of  1.58  mils/se:  and  a  weight  loss 
os'  53.1%,  Insert  No.  4^5,  which  was  tested  at  24  mole%  oxidants,  had  a 
slightly  lower  regression  rate,  1.42  mils /sec,  but  as  expected,  a  higher 
weight  loss  of  64.71.  Ihia  lower  than  expected  regression  rate  for  this 
insert  is  believed  to  be  a  result  of  the  nonuni regression  that  occurred 
in  th ■*.  specimen,  in  addition  to  the  fact  that  measurements  were  taken  at  cnc 
specified  location. 


At  the  lower  8%  oxidant  level,  the  hypereutsetie 
Insert  No.  469-1  exhibited  a  regression  rate  of  1.1  nils/sec  and  ?  weight 
loss  of  20. 6%.  Figure  92  shows  the  appearance  or  this  insert  after  testing. 
The  second  insert,  No,  465-2,  which  was  evaluated  at  rhe  18%  ox. 1  dent  level, 
had  a  regression  rate  of  1,90  mils/sec  and  a  weight  loss  of  82.7%.  This 
excessive  amount  of  material  regression  can  be  seen  from  the  appearance  of 
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i.2X 

b.  Sectional  ?ier  of  Insert  In  Graphite  Holder 


2.-6X 

s.  Kelt  ?ia»  of  Insert  469-1  Regression  Rate  1,1  adls/s^c,  wt.  Lose  20. 6Z 

figure  92.  App»iarance  of  TaC  Coated  Hypereutectic  Insert, 

Composition  16  v/o  Graphite  Flake,  After  Corrosion 
last  (Propellant  8  Mole  %  Oxidants) 
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III,  D,  Task  4 — Chemical  Corrosion  Evaluation  (cont.) 

the  insert  shown  in  Figure  93.  The  ATJ  graphite  behind  these  inserts  corroded 
at  higher  regression  rates  in  a  manner  similar  to  that  experienced  in  the 
previous  series  of  rocket  motor  Simula Lion  casts.  In  the  18%  oxidant  test, 
the  graphite  in  the  entrance  section  experienced  ?  regression  rate  higher 
than  the  insert. 

c.  Comparative  Tests 

The  comparative  tests  (Table  XX)  on  Grade  G-90  graphite 
were  run  at  oxidant  contents  of  13,  18  and  24  mole*.  Figure  94  shows  a  plot 
of  the  graphite  regression  rates  taken  at  location  2  as  a  function  of  propel¬ 
lant  oxidant  content.  Regression  measurements  at  this  location  permit  a 
valid  comparison  between  the  regression  rates  of  graphite  and  the  carbides. 

The  regression  rates  increased  rapidly  from  0.98  nils/sec  at  an  oxident 
content  of  13%,  to  2.0  mils/eec  at  a  content  of  18%,  and  finally  to  3.03  mils/sec 
at  an  oxidant  content  of  24%. 

Figure  95  shows  a  similar  correlation  for  ail  of  the 
microcomposite  tests  at  the  three  oxidant  levels  of  13,  18,  and  2 4%.  The 
regression  rates  and  weight  of  material  loss  are  strictly  a  function  of  the 
oxidact.  content  of  the  propellant. 

The  same  type  of  correlation  is  shown  for  the  TaC-C 
hypereutectic  composites  in  Figure  96.  however,  higher  regression  rates  and 
higher  material  losses  at  the  sam*  oxidant  levels  w*re  experienced  by  these 
composites  in  comparison  to  the  results  from  the  microcompoeite  tests. 

Figure  97  shows  a  very  significant  comparison  of  the 
regression  rates  obtained  for  all  the  tests  on  the  nicrocumpe'site ,  hyper- 
eutectic,  and  graphite  inserts  under  the  various  simulated  propfcllant  exhausts. 
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1.2X 

b.  Sectional  Viw  of  Insert  cm  Graphite  Holder 


2.8X 


«.  Sxit  View  of  Insert  465-,'!,  R33raeei.cn  Ret*  of  1.90  nils/sac, 
wt.  Lose  82. 7% 

Figure  93.  Appearance  of  TaC  Coated  Bypaxeutectic  Insert , 

Composition  1?  v/c  Graphite  Flake,  After  Corrosion 
Teat  (Propellant  13  Mole  X  Oxidants) 
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0  5  .10  13  20  25 

Propellent  Oxidant  Contact,  Mel*  % 

Figure  94,  Effect  of  Oxidant  Content  la  Solid  Propellents  on 
the  Material  Regreeeion  of  Grade  G-90  Graphite 
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Propellent  Oxidant  Content,  Mole  % 


Pigur*  96.  Effect  o?  Oxidant  Content  in  Solid  Propellents  or 

the  Materiel  Regression  of  TsC-C  Hypereutectic  Insert* 
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III,  D,  Task  4 — Chemical  Corrorion  Evaluation  (cont.) 

As  shorn  in  Figure  97,  the  TaC-C  hypereutectic  compos 1 tes  had  the  highest 
regression  rates  of  the  three  materials.  The  microcomposite  had  the  lowest 
material  removal  rates ,  The  low  regression  rates  of  the  microcomposite 
became  quite  significant  with  the  highly  corrosive  propellaate  containing 
18  and  24  mo  1*5!  oxidants. 

3.  Task  Summary 

The  conclusions  derived  f propellant  corrosion  tests  on 
the  microcomposites,  tha  TaC-C  hyperc-utectic  carbides,  and  the  Grade  G-90 
graphite  can  be  summarised  an  follow? • 

a.  Chemical  Corrosion  Resistance 

(1)  The  principal  mechanism  responsible  tor  material 
regression  is  the  two  carbide  composites  was  chemical  corrosion  caused  by 
oxidants  in  solid  propellant  exhausts. 

(2)  'Hie  *1 cro compos ! te  carbide  exhibited  regression 
rates  significantly  lower  than  the  races  obtained  from  the  TaC-lined  TaC-C 
hypereutectic  compos i. tss  and  the  Grace  j~9C  graphite,  particularly  for  propel 
lants  with  oxidant  contents  of  18  and  24  „cleT. 

b.  ’’repellent  Select^O"  Criteria 

(1)  r* or  minima)  material  regression  in  a  rock«t  ncrrle 
the  TaC-C  bypeveutectic  composite  should  be  used  with  propellants  containing 
lev  total  oxidants  in  the  exhaust  gases,  A  recommended  maximum  level  would 
be  13  mo  lei .  * 
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III ,  Yank  * — Cbaolcal  Corrosion  IwlMtlot  (cent.) 

(2)  Hm  aieroecagiosltc  hat  excel lost  resistance  to 
emrcMtett  da*  to  tk»  la  otto  (snatlob  of  m  odds  fi.?a  on  ch«  flaa  a«rftc«. 
SUa  oa^Mifet  eaa  be  wad  vitfa  solid  propellants  containing  high  coolants  of 
ntliMt*  la  tka  «sh«it.  It  appMit  tint  propellants  with  cnrtdsot  content* 
gp  to  IS  miaZ  mU  be  usod  with  ths  csapoelts  when  ainiaal  itsrfac*  regmilon 
mU  b#  isanlrsd.  tbs  caipoalts  could  be  seed  with  higher  oxidant  content 
prop*  11  sales,  depending  «p»  the  pressure  aid  tberael  rnirawet  of  tbs  Insert. 

t.  tm  v-ctttwsmTidi  mite  rtsts 


Zba  objective  of  tala  work,  vu  to  assign  sad  fabricate  nettle 
throat  lsssrts  of  tbs  xlcrocospoei ts  and  TsC-C  hypereutectlc  composite  ryitss, 
sod  wo  coadoct  3— oostrstloa  firing#  4ifluyls$  thw  TaC-C  hypereutectic  cospo- 
>1U  qrttas. 


I .  togiis  Benign 

Tbs  arnli  was  designed  for  was  In  36-in. -4?. a  char 

■otter,  lbs  aotor  opsratlag  paraastete  wars  •  4>GQ*P  props?  lent  having  a  total 
wsldeat  contest  of  13  aoleX,  a  seal  as!  oparat  tv%  disbar  pro-su  re  of  >00  pa! , 
asd  derations  up  to  60  sac.  Xbe  following  factor*  ware  con**dore<4  Is  the 
iselgp  of  eh*  woaal*; 


a.  hfwliiw  vs*  ande  for  tin  eecoeeiveiy  high  jewllt 
s?i«a*«r  developed  It  the  backup  ««abvr  doe  to  the  higher  th«r«ul  expansion 
of  She  carbide  laaart. 

I.  to  affective  gas  *eel  wae  wetasaaty  besvaeo  the  carbide 
ins  sad  the  backup  Hotctun. 
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III,  E,  Task  5— Demonstration  Firing  Tests  (coat.) 

c.  The  carbide  insert  had  to  be  of  a  proper  design  symmetry 
to  reduce  thermal  shock  cracking  or  cracking  due  to  notch  sensitive  areas. 

d.  The  throat  insert  had  to  be  reliably  retained  to  prevent 
the  ejection  of  segments  should  cracking  occur. 

Three  throat  insert  designs  were  used  in  the  program,  one 
microcompoeite  and  two  TaC-C  hvpereutectic.  The  basic  design  of  the  nozzle 
is  shown  in  Figure  98.  This  design  was  based  upon  thermal  and  stress  analyses 
using  the  properties  of  the  micrccoeposite,  since  this  composite  had  greater 
tendency  for  thermal  stress  cracking  in  the  HES  thermal  shock  test.  The 
thermal  stress  analysis  took  into  account  component  geometry,  boundary  condi¬ 
tions,  and  pressure  loads  as  well  as  the  thermal  profile  and  material 
properties.  A  finite  element  computer  program  was  utilized  which  has  the 
capability  for  solutions  in  the  plastic  range.  The  plastic  solution  Is 
required  particularly  for  high  modulus  materials  such  as  the  carbides  as 
elastic  solutions  indicate  thermal  stress  failures  when  none  occur.  Tc  per¬ 
form  the  plastic  solution,  the  stress-strain  relationship  as  a  function  of 
temperature  as  well  as  the  coefficient  of  thermal  expansion  and  Poisson's 
ratic  are  required.  The  analysis  performed  used  the  temperature  profile 
selected  at  a  duration  where  the  highest  temperature  gradient  was  predicted. 

The  design  included  a  0.016-in. -thick  copper  spacer  positioned 
circumferentially  between  the  carbide  insert  and  the  graphite  backup,  as  shown 
in  Figure  98,  to  reduce  the  stresses  in  the  graphite  backup.  The  concept  being 
that,  as  the  insert  expands  during  the  firing,  the  copper  softens  and  extrudes 
th’is  minimizing  the  strain  induced  In  the  graphite  backup.  The  use  of  tapered 
mating  surfaces  between  the  carbide  and  the  graphite  backup  provides  retention 
of  the  insert,  maintains  a  gas  seal,  and  allows  the  insert  to  shift  aft  as  the 
copper  extrudes.  In  turn,  the  tapered  surface  between  the  graphite  insert 
exit  cone  and  the  aft  insulation  assures  retention  of  the  graphite. 
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III,  E,  Task  5--Demonstratlon  Firing  Tfc„ts  (cont.) 

The  use  of  a  two-piece,  threaded  forward  and  aft  Insulator 
provided  ease  of  aseembly  of  the  carbide  insert  and  the  two  graphite  components. 
Tightening  of  the  forward  insulation  assured  a  positive  contact  between  the 
tapered  mating  components.  All  mating  surfaces  between  the  tapered  graphite 
and  carbon-phenolic  componente  and  between  the  steel  nozzle  shell  and  the 
insulators  were  bonded  with  Epon  913  to  provide  a  gas  seal.  In  addition, 
"Pyrofoil"  gaskets,  produced  by  Carbon  Products  Division  of  Union  Carbide  Corp., 
were  positioned  between  the  graphite  entrance  can  and  the  insert  exit  cone  to 
further  ensure  a  gas-tight  joint.  The  graphite  used  for  the  entrance  cap  and 
the  insert  exit  cone  was  Carborundum's  Grade  G-90  graphite,  which  is  an 
extruded,  high  density,  premium  missile  grade  graphite.  The  material  used  for 
the  tape-wrapped  forward  and  aft  insulators  was  carbon-phenolic  MX-4926  produced 
by  Fiberite. 


2.  Throat  Insert  Fabrication 


a.  Micro composite  Inserts 

The  fabrication  of  the  microromposite  nozzle  insert  from 
the  8Ta-.li3Hf-37C  composition  was  accomplished  by  hot-pressiwg,  using  the 
parameters  previously  established  during  the  development  phase  for  this  compo¬ 
site  system.  One  trial  insert  was  initially  fabricated  to  establish  a  process 
whereby  tha  insert  could  be  hot-pressed  to  the  approximate  dimensions  required 
by  the  insert  design  shown  in  Figure  99.  During  hot-pressing  of  this  insert, 
a  mixture  of  lampblack  and  graphite  chip?  was  used  as  a  core  material  in  the 
center  of  the  insert  to  provide  a  hollow  cylindrical  compact.  This  insert 
cracked  radially  at  four  positions  approximately  90  degrees  apart.  An  analysis 
of  the  failure  indicated  that  the  carbon  powder  in  the  core  densified  during 
hot-pressing  and  restricted  the  shrinkage  of  the  carbide  insert  during  cooldown. 
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Figure  99.  Deaiga  of  Microco*po*ite  Throet  Insert 
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III,  E,  Task  5— Demonstration  Firing  Tents  (cont.) 

Fine  powdered  lampblack  was  used  for  the  core  material 
while  pressln^  the  first  nozzle  insert.  This  same  powder  had  been  used 
successfully  in  hot-pressing  TaC  composites  with  ID  cavities.  Frescure  was 
relieved  very  slowly  after  the  end  of  the  cycle  and  the  cooldown  rate  was 
carefully  controlled.  The  mold  was  sectioned  for  easy  removal  from  the  insert 
to  eliminate  any  possibility  of  cracking  the  insert  during  mold  removal.  This 
insert  was  much  improved  but  had  two  radial  cracks  approximately  80  degrees 
apart.  The  cracks  initiated  or.  the  OD  and  propagated  to  the  core. 

For  the  fabrication  of  the  second  nozzle  Insert,  a  thin 
graphite  tube  was  used  in  lieu  of  the  powder  to  form  the  ID.  The  upper  and 
lower  rams  were  slip-fitted  to  the  tube  to  allow  compaction  to  occur  during 
hot  pressing.  During  cooldown,  the  carbide  insert  collapsed  the  tube  and 
prevented  the  insert  from  cracking.  An  insert,  4.2-in.  OD  by  2.0-in.  ID  by 
3.0-in.  -.<ng,  was  successfully  hot-pressed  using  this  technique.  However, 
during  machining  to  remove  the  graphite  ID  mandrel,  the  insert  cracked  longi¬ 
tudinally.  The  failure  was  probably  due  to  the  existence  of  microcracks  nr 
high  residual  stresses  during  cooldown.  Microstructural  examinations  showed 
that  the  metal  alloy  phase  was  coarser,  Figure  100,  than  the  typical,  finely 
divided  acicular  structure  characteristic  of  the  microcomposites  made  in 
smaller  sizes. 


Two  flexural  specimens  were  machined  from  the  inrert  and 
tested  at  ambient  temperature.  The  flexural  strengths  of  80,080  psl  and 
75,020  psi  were  significantly  higher  than  the  typical  values  of  50,000  psi 

previously  obtained  for  this  composition.  This  high  strength  and  density  of 

3  3 

12.7  gm/cm  ,  which  Is  in  the  characteristic  density  range  of  12.6  to  12.7  gm/cm 

for  thi6  composite,  confirmed  that  the  quality  of  the  microcomposite  had  not 

deteriorated  because  of  scale-up.  However,  because  of  the  success  of  the  TaC-C 

hypereutectic  nozzle  inserts  discussed  in  the  next  section,  further  work  to 

prevent  cracking  of  the  microcomposite  inserts  during  handling  was  discontinued. 
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III,  E,  Task  5 — Demonstration  Firing  Test&  (cont.) 

b.  TaC-C  Hypereutectic  Inserts 

The  diffusion-formed  TaC  liner  previously  discussed  for 
the  TaC-C  hypereutectic  substrate  was  not  incorporated  into  the  insert  design 
because  of  a  reduction  in  the  anticipated  propellant  flame  temperature  (6800 
to  6500°F) .  The  heat  transfer  analysis  conducted  on  the  nozzle  with  the 
6500°F  flame  temperature  indicated  chat  the  surface  temperature  would  not 
exceed  5800°F,  well  below  the  6230 °F  melt  temperature  of  the  TaC-C  hyper- 
eutectic.  Two  designs  were  used  for  the  throat  Inserts,  a  segmented  design 
and  a  single-piece  design. 

(1)  Segmented  Throat  Insert  Design 

Because  of  difficulties  encountered  during  the 
melting  of  the  large  compacts  required  for  a  single-piece  throat,  the  first 
throat  Insert  was  fabricated  in  two  segments  as  shown  in  Figure  101,  The 
segment  used  for  the  entrance  section  was  1-in.  long  while  the  segment  con¬ 
taining  the  throat  was  1.7-in,  long.  A  composition  near  the  eutectic  was 
selected  to  provide  the  best  resistance  to  regression.  The  appearance  of  the 
segmented  insert  after  machining  is  shown  in  Figure  102. 

(2)  Single  Throat  Insert  Design 

The  second  throat  was  fabricated  from  a  single 
segment  as  shown  in  Figure  101.  In  this  design,  the  length  of  the  insert  was 
ehortened  and  the  angle  of  the  taper  at  the  OD  was  reduced  to  provide  a  more 
uniform  wail  thickness  in  caparison  to  the  segmented  throat  insert.  As  the 
chamber  pressure  obtained  during  the  firing  of  the  segmented  throat  insert 
was  higher  than  desired,  the  throat  diameter  for  the  single  segment  design  was 
increased  fro®  2.300  in.  to  2.370  in.  A  9  v/o  giaphite  flake  composition  ^as 
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III,  E,  Task  5 — Daoonatration  Firing  Testa  (coat.) 

selected  for  tbiv  insert  on  the  basis  of  its  excellent  overall  performance  i.. 
the  HRS  aubscule  thanaal  shock  end  corrcvton  tests .  The  appearance  of  the 
insert  after  Btachiniag  it  shown  In  Figures  103  and  104. 

3 .  Motor  Test  Firing; 


The  two  TaC— C  hypeructectic  nozsle  throat  inserts  were 
assembled  into  noszlas  and  test  fired  at  the  Air  Force  Rocket  Propulsion 
Laboratory,  Edward*.,  California,  using  the  36-in.  char  motor,  Measurements 
of  chamber  wessures,  thrust,  and  thermocouple  readouts  were  recorded  for  the 
duration  of  each  teat.  The  significant  test  conditions  for  both  firings  are 
contained  in  Table  XXT  A  brief  summary  of  each  tiring  is  presented  below. 

a.  Segmented  Thioat  Insert 

The  chaeber  pressure  vs  firing  duration  is  shown  in 
Figure  103.  The  chamber  preysyre  on  ignition  rose  from  808  psi  to  a  maximum 
of  8.3*  pai  attar  16  see.  From  16  to  38.16  «e.w,  email  fragments  were  observed 
to  be  randomly  ejecting  from  the  nestle.  This  occurrence  was  confirmed  by 
the  linear  decay  in  cLanber  pressure  to  665  psi  at  38.16  sec  at  which  time  a 
large  number  of  fragments  were  oeserved-  An  instantaneous  rise  In  the  thrust 
tree*  confirmed  the  ejection  of  a  structural  member  ■?<  the  ncrrle.  The  maximum 
thrust  obtained  on  the  motor  va*  5616  lb  at  15.8  sec.  The  dice  obtained  from 
the  chroma  1— alum*  1  thertiocouple  were  erroneous*  and  therefore  could  r.ot  be 
uti.Ur-1, 


b.  Single  Thrust  lu/*ert 

The  firing  performance  of  this  nortle  '  .uaely  followed 
theoretical  prediction#.  A.?  above  in  Figure  10s,  the  chamber  -ressur*  decrease.: 
•light  ly  from  730  to  711  pal  over  the  43-sec  firing  duration.  A  ma-rltp-sr  thruot 

of  5516  lb  et  5.9  sac  was  recorded . 

Pag* 
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III,  E,  Task  5 — Demonstration  of  Firing  Teats  (cont.) 

A  continuous  readout  was  obtained  fro*  the  chromel- 
alumel  thermocouple  located  1  in,  below  tbt  flaae  surface  of  the  throat.  A 
correlation  of  these  data  with  the  theoretical  analysis  is  discussed  in  the 
following  section. 

4.  Postfire  Analyses 

a.  Segmented  Throat  Insert 

The  postfire  examination  of  the  nozzle  revealed  that  the 
throat  segment  (No.  2)  had  been  ejected  and  the  graphite  exit  cone  heavily 
eroded. 


The  appearance  of  the  nozzle  as  viewed  from  the  exit 
cone  is  shorn  in  Figure  106.  Severe  graphite  regression  wss  noted  in  the 
region  where  the  throat  segment  had  been  ejected  end  in  the  exit  cone.  The 
G~90  graphite  entrance  cap  revealed  numerous  radial  cooling  cracks  as  shown 
in  Figure  107,  Ths  entrance  segment  of  the  throat  (No.  1  insert)  was  removed 
intact  and  showed  minimal  structural  degradation.  Figure  108  shows  the  excel¬ 
lent  appearance  of  the  insert  as  viewed  from  both  surfaces.  Four  equally 
spaced  cooling  cracks  running  longitudinally  developed  around  ths  circumference. 
The  occurrence  of  these  cracks  on  cooldown  wa?  established  by  the  sharp  and 
noneroded  edges  along  the  creek  paths  at  the  flame  surface. 

The  regression  profile  of  the  nozzle  components  Is  shown 
in  Figure  109.  The  G-90  graphite  entrance  cep  underwent  a  significantly  higher 
material  regression  ranging  from  0.09  to  0.19  in.  In  comparison  to  the  T*C~€ 
hypereutectic  entrance  segment  which  had  a  total  regression  of  0.02$  in. 
around  &0'£  of  ths  circumference.  The  remaining  20X  oi  the  circumference  under¬ 
went  unuren  and  higher  removal  rates  ranging  from  0.1  to  0.17$  In.  This 
ccrrw^ocda  to  s  regression  rate  of  0.66  ells/sec  for  the  major  portion  of  the 
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Figure  109.  Regression  Profile  of  Segmented  T*C-C 
Hypereutectic  Noxsle 
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1*1,  E,  Task  5 — Demonstration  of  Firing  Tests  (cont.) 

carbide  insert  and  a  range  of  2.4  to  5.0  mils/sec  for  the  graphite  entrance 
cap.  The  graphite  exit  cone  was  heavily  eroded  because  of  the  turbulence  of 
the  flow  after  the  throat  segment  was  ejected. 

The  carbide  entrance  segment  was  sectioned  longitudinally 
at  locations  120  degrees  apart.  Xetallographic  examinations  supplemented  by 
carbon  Analyses  m~A  density  measurements  were  used  to  evaluate  the  material  at 
these  locations .  Reaults  of  these  tests  indicated  that  the  major  portion  of 
the  entrance  segment  was  near  the  eutectic  composition  in  the  range  from  2  to 
7  v/o  graphite  flake.  The  portion  of  the  segment  that  experienced  high 
material  regression  had  a  high  carbon  content  region  of  approximately  19  v/o 
graphite  flake. 


A  cross-sectional  view  and  corresponding  microstructures 
of  the  entrance  segment  in  this  high  carbon  content  region  is  shown  in 
Figure  110.  The  material  in  Region  A  had  a  typical  eutectic  composition  as 
shown  by  the  micros tructure  in  Figure  l.1  nb ,  while  the  material  in  Region  B 
contained  a  high  arexhlte  flake  content  as  shown  in  Figure  110c.  The  primary 
graphite  flakes  in  this  region  were  abnormally  long  as  shown  in  Figure  110a. 
Some  microcracking  was  observed  along  the  planes  of  the  flakes.  The  flame 
surface  in  this  high  carbon  region  appeared  to  have  been  eroded  by  small 
fragments  being  cleaved  along  the  planes  of  the  large  graphite  flakes. 

Since  none  of  the  material  from  the  ejected  throat 
segaent  was  found,  the  mode  of  failure  of  this  component  had  to  be  postulated 
based  upon  what  information  could  be  obtained  fro?,  the  other  components .  As 
the  design  of  the  nozzle  was  based  upon  the  carbide  Insert  being  under  a 
compressive  load  all  during  tbs  firing,  excessive  or  uneven  material  loss  in 
the  throat  region  such  as  experienced  in  the  entrance  segment  could  have 
resulted  in  buckling  and  ejection  of  the  throat  segment.  The  throat  segment 
was  more  susceptible  to  this  type  of  failure  because  it  was  thinner  than  the 
entrance  segment. 
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Figure  112,  Exit  Section  View  of  Nozzle  with 
Single  Throat  Insert 
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III,  E,  Teak  S — Demonstration  of  Fir Inf  Tests  (cont.) 

Figure  117  shows  the  regression  profile  of  the  nozzle 
components.  The  G-90  graphite  in  the  entrance  cap  end  exit  cone  experienced 
high  material  regression  in  comparison  to  the  throat  ineort.  The  regression 
rates  for  the  graphite  components  varied  from  1.5  to  4.<-  nils/scc,  while  the 
carbide  insert  had  a  regression  rate  which  varied  from  1.0b  mils/cec  at  the 
throat  to  a  maximum  of  1.6  sils/aec  at  the  ez.it  end  of  the  insert  This  low 
rate  makea  thir  composite  asterlal  very  acceptable  for  toe  ballistic  require¬ 
ments  of  nearly  all  high-performance  solid  propellant  sotore. 

The  regression  rate  in  the  throat  was  slightly  lower 
than  the  rates,  1.73  to  1.43  mile/eec,  obtained  in  the  HES  rocket  motor 
simulation  testa  for  the  same  propellant  oxidant  content.  Thle  variance  in 
regression  rates  is  undoubtedly  due  to  differences  in  boundary  layer  condi¬ 
tions  and  the  diffusion  rates  of  corrosive  gas  species  across  the  boundary 
layer.  The  presence  of  aluminum  oxide  in  the  propellant  exhauet  did  not 
appear  to  Increase  the  regression  rate  in  comparison  to  ths  HES  teats  which 
contained  no  aluminum  oxide  in  the  gas  stream. 

The  carbide  insert  was  sectioned  longitudinally  at 
locations  120  degrees  apart.  At  each  location,  the  entire  cross-section  of 
the  throat  vas  examined  metallographies! ly,  end  density  and  carbon  content 
measurements  were  made.  Kicrcatructure  examinations  showed  a  uniform  distri¬ 
bution  of  graphite  flakes  as  shown  by  a  typical  microatructur*  In  Figure  liSa . 
Cracks  were  alao  observed  to  terminate  upon  striking  a  graphite  flake  as  shown 
in  Figure  118b. 

A  summary  of  the  results  of  carbon  analyses  end  density 
measurements  to  establish  competitions  at  the  three  circumferential  locations 
is  shown  cm  the  fallowing  page. 
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a.  Typical  Microstructure  of  TtC-C  Hypereutectic 
Hosrle  Insert.  501 


b.  i«e-«dJn»tion  of  t  Creek  in  Qrephlt*  rUk* 

1001 


Figure  118.  Micro#  t rue ture*  of  o  ingle- Throat  Insert 
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SIX«  I*  Tack  V~$eft0*4tratiea  of  Flrlag  Toots  (coot.) 


C'linriwf  eraftf  f  o? 
locstiee 

0* 


lOCAtlOS 


Coooosttloa 
Duteneineo  trim 
Carbon  Analyse* 


CowposlMon 
llttemln.'d  by 
Density  Kesewraeantt 
ftr/o  graphite  fluke) 


Tbs  coMpositlons  derived  by  carbon  nolysst  wr*  rawntot  lower  then  those 
obtained  trim  density  nseeur  sweets.  Ebe  offset  of  porosity  er  crocks 
Inaccessible  to  we  tor  during  tbs  density  weesureneat  ess  cause  these  slight 
differences. 


Tbs  t— pnreture-tlwo  profile  derived  froo  *  two- 
dlnwwloitel  beet-transfer  ssslysls  of  tbs  nossls  design  Is  shorn  Is  Figure  119. 
In  this  ssslysls,  tbs  flsso  surf  see  of  tbs  Insert  reechos  tewpereturoa  1c 
Txeoe  of  SOOC'F  shortly  after  lgcitlan  aud  approaches  e  aesr  eteedy-stet* 
fsptratera  of  SDOO^F.  A  large  issp era tore  gradient  of  over  3000*F  serose 
tbs  tseerr  tarn  be  noted  by  coopering  the  t super* tore  cat'*  ter  the  surface 
of  tho  Insert  with  tbs  teeperetur*  curve  for  tbs  carbide /graphite  interfere. 
This  large  grad  lest  Is  das  to  the  relatively  low  then**  conduct;  rtty  of  the 
carbide  csagselte. 


As  eJe^OB  In  Figure  119,  gor-4  cot  .elation  ««.»  obtained 
kotwoeo  tbs  theoretical  hest~tr«a*fer  ssslysls  and  rba  teapersture  data 
derived  free  tbs  ck-cwel-alswel  therwoccuy '  e  located  la  tbs  graphite  1  is. 
lehs  the  flaws  jwrfece  et  the  thro*t. 


longitudinal  e'ooo-  gsctl^A  if  tbs  isvrert. 
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t  OOKLSirUM 

1.  fgggaga  Cgttel«  and  Bator 1*1  Obgn>cr»litlc> 
a.  Mtotfcwpotiu 

(1)  Critlxal  control  of  th«  lnpulty  ievelo  of  th« 
|M»Abto  mm  to  <Urv*lo«!>  trn«  optima  actal-altoy  precipitated 

pb*M.  tta  Meat  detrimental  inpuriry  mi  a&ygws  wbizb  Inhibited  diffusion  »f 
$&•  noUil  ixta  tk*  corrida  ’ottiec.  1  total  oxygen  coot^t  of  rOO  ppw  or  Ires 
in  ifc*  $ood«ra  mm  ftwnd  isococonry. 

(2,i  ooccomIuI  fabric."  on  of  slcroconpcsite  etructures 
is  gKMtij  iafmJmt  «p oa  clw  control  of  tb*  bet  prooo  paraaeter*;  temperature, 
ytatasw,  tits  at  feopavatwr*,  aai  coolis*  rat*. 

(I)  Of  tb*  ikroeapocltM  taotad,  th*  8Ta-S5bf- 17C 
aai  9Xb~34af~HC  offer  tb*  baat  pot  aaelal  for  oossl*  insert  applications. 


(4)  frcallaat  r**l*taocc  to  crack  projection  in  bend 
foot*  at  alava tad  tapper* tara*  «aa  achieve*':  »rith  tb#  composition  8Ta-55Hf-3?c. 

b.  TaC-C  typerantaette 

(1)  Tb*  ability  of  tb*  f uaic-  and  drop  csatlrf  proc**-< 
to  malt  and  coat  ia>C  billot*  op  to  4.7.  in.  in  iuatUr,  baa  kaar  dammstrated 


(2)  tUMfth  and  ti»6tl«s  of  *l**ticity  at  mbicst 
raaparatwri  «tr*  dependant  opaa  carbon  content.  Composition*  containing  lov 
tfaabM  (•  to  f  e/r  graphic*  flake)  bad  big*  strength*  (14,000  to  10,000  p*l> 
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IV,  A,  Conclusions  (coat.) 

while  composition*  with  high  carbon  coot esc*  (20  v/r  graphite  flake)  had 
low  strengths  (2000  pal).  The  uodulu a  of  elasticity  waa  found  to  decr*ar*e 
einllarly  with  carbon  contest.  Specimen*  with  9  to  10  v/o  graphite  flake 

g 

had  Moduli  of  30  x  10  pai.  At  high  content*,  19  v/o  graphite,  the  modulus 
values  decreased  to  13  x  10s  pal. 

(3)  Elevated  tawperature  flexure  strengths  for  a  given 
composition  could  he  correlated  with  the  aorphology  of  the  graphite  flakes. 

Flakes  that  are  thin,  short  in  length,  end  evenly  dispersed  result  in  higher 
strength. 

(4)  The  real  expansion  cnaracterlstics  of  the  hypereutectic 
composition*  closely  followed  the  expansion  behavior  for  tantalum  aonocarbldc. 

2.  Egvlrosnental  Capab lilt lea 

a.  Thermal  Shock  Raaietancu 

(1)  The  TaC-C  hypereutoctlc  composites  fro*  eutectic 
to  high  cicboo  cruposltlons  had  excellent  thercml  shock  resistance  in  both 
IkJS  **vi  solid  propellant  wo  .or  firing  tests. 

(2)  Taertml  strsss  cracking  occurred  in  both  nicro- 
cospcirc  coaooeitlone  during  SES  tests.  Cracking  wee  lees  severs  for  the 
hTe-55df~>7‘J  composition  than  the  tTa-SARf-idC  composition. 

b.  Chemical  Corrosion  Resistance 

(1)  The  principal  mechanism  rme^ne  i'a  la  for  material 
regress loa  of  both  arstd*  coepo*i*es  was  chemical  enn  sloe  caused  by 
oxidants . 


Fag*  7.17 


Report  AIRFL- TR.- 68-143 


XV,  A,  Conclusions  (coat.) 

(2)  The  overall  Iw  regression  rate  and  excellent 
atnr.tnral  Integrity  of  the  TaS-C  hypereutectic  cocpoaite  In  the  solid-' 
propellant  motor  firing*  established  that  this  composite  had  excellent 
potential  for  nearly  all  high  performance  actor  applications. 

(3)  Material  regrace ion  of  the  TaC-C  composites  in 
motor  firings  vu  excessive  in  regions  of  high  carbon  content.  The  material 
removed  appeared  to  bo  eroded  by  small  fragments  bwing  cleaved  along  the 
planes  of  the  laryc  graphite  flakes.  Gompositiora  near  the  eutectic  provided 
the  best  resistance  to  material  regression. 

(4)  Regression  refee  obtained  cn  the  mlcrocomposlte 
carbide  during  HBS  tacts  were  significantly  lover  than  the  rates  obtained 
from  the  TaC-lined  TaC-C  hyper eutectic  composites  and  Grade  G-90  graphite. 

3.  Propellent  Selection  Criteria 

a.  TaC-C  hyper eutactlc  composite  should  be  used  with 
propellents  containing  lav  total  oxidants  in  the  exhaust  gases  for  minimal 
material  regression.  A  recommended  maximum  level  would  be  13  mol  1. 

b.  Tbs  mlcrocompcslte  has  excellent  resistance  to  corrosion 
because  of  the  formation  of  an  oxide  film  on  the  flame  surface.  This  composite 
can  be  used  with  solid  propellents  containing  high  contents  of  oxidants  in 

the  exhaust.  It  appears  that  propellants  vith  oxidant  content  up  to  18  mole  X 
could  be  used  with  the  composite  when  miniscl  surface  regression  would  be 
desired. 
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IV,  A,  Conclusion*  (cont.) 


Carbide  Nozzle  Design  Crltarla 


a.  In  designing  carbide  nozzles ,  provisions  should  ba 
made  for  rha  high  thermal  expansion  of  carbide  inserts;  uniform  symmetry  of 
the  throat  lusert  must  be  maintained.  Sufficient  vail  thickness  must  be 
provided  to  withstand  high  compression  loading  as  material  regression,  occurs, 
and  the  throat  insert  must  be  under  compreeeive  loading  during  entire 
duration  of  firing. 

B.  RECOMMENDATIONS 

1.  Frocese  iaflnementa 


a.  Microcomposite 

(1)  A  reduction  in  grain  else  would  be  highly 
desirable  to  increase  mechanical  properties  end  hence  thermal  shock  resistance. 

(2)  An  investigation  of  lover  coat  starting  materials 
for  producing  the  microcosms lte  ia  warranted. 

(3)  Further  loves ti get ion  is  needed  to  refine  the 
hot-prese  technique  to  enable  the  reliable  fabrication  of  large  nosale 
components . 

(4)  Annealing,  stress  relieving  end  alloying  of  the 
metal  phase  are  mettled*  which  should  be  investigated  for  additional  lap  rev* - 
cants  in  ambient  and  elevated  tcaparature  properties. 
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IV,  B,  Born— mdatlona  (cone.) 


b.  ?«C~C  %?«X«uKOCtlc 

(1)  As  lo|>nrv«MRt  to  costing  techniques  la  reco—ecdsd 
tto  (liaiaati  randomly  occurring  defects  in  coot  billots.  T>—  typical  typo 
of  deflate  found  in  billots  are  regions  of  porosity,  "cold  abut”  and 
lafeottofcaaelty.  These  tfpo*  of  defects  bacf.ua  noia  pronounced  is  larger 
Billot a* 

(1)  Standards  of  qu&llty  aunt  be  astabliabod  for  this 
elasa  of  materials  utilising  MPT  and  other  quality  control  techniques. 

2.  Material  Refinements 

a.  TaC-C  Myperoetsctic 

(1)  The  control  of  grain  else  and  the  ralatlonablp 
of  grain  aloe  with  strength  ead  the  effect  of  cooling  rata  fvoe  the  salt  co 
grain  alas,  sad  in  tarn,,  strength,  should  ba  investigated. 


oi 


-“**S  , 

{  i 


(2)  Rc&clts  of  this  pro  gran  ham  shown  that  the 
aorphology  of  the  graphite  flale  c&s  he  varied  and  related  to  strength  and 
posaibly  \hmeml  afeoch  rcaietsoc*.  Further  exf^ieeutatlon  U  seeded  to 
better  define  this  relationship  and  provide  a  natter  Ui  vith  optimised 
proper tier  baaed  upon  nictoetruct^rs . 

<3)  The  investigation  of  alloy  additions  which  vill 
Saprcv<;t  resistance  to  chemical  attack  by  corrosive  exhaust  gas  specie* 
appear*  promts lag  as  e  senna  of  further  reducing  the  regression  rates  of 
tike  hypereutectie  ccweoeita*  £cr  highly  enldieing  solid  propelLuvts. 
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i.  gaggm  ajulysis 

A  LSCO  Modal  998  combustion  aoalytsr  »***  used  to  datardna  £r*c  and 
total  carbon.  Fro*  carbon  analyses  wore  dstsrdned  by  dlssolrlnj  tba  oaapla 
is  h  dxtur*  oil  hydrofluoric  and  nitric  .tela,  tba  rs^alning  carbon  vaa 
filter'd  and  datarde  »d  by  conbuatioa  analytes  involving  absorption  of  tba 
earboig-dlodd*  gas  is  KOB.  Tho  gas  analysis  for  tha  total  carbon  was 
data ruled  In  a  L2C0  conductivity  call. 

ii.  muujoaumc  noewuus 


Spoclaan a  vara  aouatad  in  a  conductive  datura  of  coppar- coated  lucita 
povdar  and  dl allyph  thalat « .  Tha  vetaLlogiraphlc  praparation  of  tha  carblda 
apacinan  vaa  accoap  liah'd  by  successive  stages  of  grinding  trlth  silicon 
carbide  papers  raiding  is  grit  slse  fron  120  to  600.  Final  polishing  was 
accomplished  using  dcroclctt  with  Linda  8  alumina  (0.05  dcron)  In  a  58 
chronic  acid  solution.  Tha  samples  vara  alectro-etehed  using  a  10X  solution 
of  oxalic  acid,  A  dip-etch  aada  up  of  a  102  solution  of  62  no},  22  BC1, 
and  22  HF  vsa  uatd  to  class  tha  aurfaca  of  tha  apacinan  to  anhanca  phaaa 
contrast. 

Tha  apsetnaua  *ara  dcrast  rue  rurally  axadnad  dth  a  Idas  Uitraphot  II 
Matallograph. 

nx.  warn 

Tha  apperant  density  vaa  aaaavr ad  by  valuing  apadaana  la  air  and 
suapandvd  in  water.  Tha  apparent  density  was  ealculstad  froa  tha  axpraaalon: 


Apparaat  Density 


_ height  (air) _ 

height  (sir)  -  Weight  (’aster) 
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29.  MTira^iCT  pmroorcce-- agragog  wm  jgnoc 


the  (act  that,  when  as  tsoUbla 
It  toywi  f.s  a  lifdl  Bodies  and  la  allowed  to  cattla  freely 
the  fane  ef  gravity,  the  settling  behavior  la  governed  by  Stokes*  Lav. 
fee  this  Uv,  partielae  of  a  gives  else  will  settle  a  definite 
HttWrtB  is  a  specified  ties  Interval.  The  distance  settled  will  depend  epee 
feh*  danitttse  ef  the  notarial  sad  of  die  suspend  las  wed  tan,  the  viscosity 


of  the  seep  audios  eadlee,  the  sloe  of  the  particle,  sad  the  length  of  tine 
darftag  ehleh  the  particle  is  allowed  to  settle. 


Ihe  ledraasHe  eathed  eeaslata  aaaaotlally  ef  elthdravtag  e  sanple  of 
Mhdtt  velaae  free  a  seep  anal  tun  of  a  eolid  aad  liquid  at  definite  Intervale 
ef  ties,  the  aeoant  ef  eelld  eatariel  la  the  esapla  will  represent  all 
eafeerisl  is  the  snap  anal  mb  ehieh  la  finer  than  a  cartels  grain  alas,  fhi* 
gpeia  ihw  say  he  ralirelarad  free  Stokes*  Lav,  which,  expressed  eethaeatlcclly, 
ie  ae  fdlmt 


JUUL 
-  ®7.)t 


d  •  aartana  grala  dlaaetar,  ce 

s  -  caeftidaet  ef  viscosity  of  suspending  aedlwat,  poises 

h  -  dleteece  throwgb  ehleh  die  particle  settles  la  a  given  tine, 
on 

t  •  ties,  one 

-  density  ef  pertidee,  gs/ec 

9,  •  density  of  suoyeadlss  endian,  gn/cc 

*  * 
g  -  acceleration  of  gravity,  cm/ a* 
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IV,  P*rtlci*-8i:*a  Diatrlbutioiw- -Acdr«A*cm  Plpet  Hstbod  (coat.) 

By  drawing  samples  *fc  ftrlmui  intervals  of  tine  cad  calculating  tha 
percentage  of  tha  aster ial  is  suspsnMon  finer  li -an  tb*  grain  also  corresponding 
to  t ho**  tiaa  intervals ,  u  curve  n ay  be  plotted  which  will  represent  the 
partlcla-aire  distribution  of  the  material. 

For  these  dateralaatloaa ,  water  wee  used  u  the  suspending  eedlun, 
which  permitted  determination  of  the  floeaeee  of  powder  with  particle* 
ranging  frae  30  to  0.5  tsicrcna.  The  nethod  la  not  practical,  however,  for 
separations  below  0.5  microns  because  St  okas '  Law  would  become  inoperative  as 
a  result  of  tha  tins  r squired. 

V.  MBASPKBHB1TS  OF  FLjggtAI  ST1SMGTB 

A.  TKBOtT 

In  sis^le-point  loading,  tha  flexural  strength  is  eaprasaed  by 
tha  equation: 


3  Pi, 
1  b?2 


whara 

P  •  uaxiwue  applied  load,  pounds 
i  •  length  of  span ,  laches 
b  •  width  of  specimen,  in chan 
d  »  depth  of  specimen,  inches 

b.  tqoipwarr  a»  test  vtKaaesrs 

Flexural  strength  (nodules  of  rupture  or  tr suave rua  band  strength) 
was  naaa ur ad  at  aohlent  and  elevated  taeyaratarae  by  single  point  loading. 
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V,  B,  Equipment  and  Teat  Procedures  ( con c . ) 

using  a  graphite  test  iixture  shown  in  Figure  120.  Accurate  alignment  is 
maintained  within  the  fixture  by  close  tolerance  machining  to  assure  normal 
loading  on  the  axial  centarline  of  the  specimen  without  eccentricity,  and 
that  the  directions  of  loads  and  reactions  be  maintained  parallel  on  the 
specimen. 

The  inset  photograph  in  Figure  120  shows  a  closeup  of  the 
specimen  positioned  in  the  load  train  on  two  0. 25-in. -dia  highly  polished 
tungsten  carbide  bearing  rollers.  The  tip  at  the  center  of  the  hard  carbon 
(not  capable  of  being  grapbttixed)  load  ram  contains  a  l/8-in.-dia  highly 
polished  tungsten  carbide  roller  to  assure  accurate  centerline  loading.  At 
temperatures  above  2000*7,  the  carbide  rollers  commence  to  plaatlcelly 
deform.  These  are  then  replaced  with  hard  carbon  rollers  for  the  higher 
temperature  tests.  For  acabient  temperature  testing,  the  distance  between  the 
center linaa  of  the  two  support  bearing  rollers  was  1.500  in.  and  for  the 
hi gh-teaperature  texting ,  the  distance  wao  1.700  in.  A  slightly  shorter 
flexure  specimen  was  machined  for  the  room  temperature  testing  since  this 
specimen  was  used  for  determining  the  room  temperature  modulus  of  elasticity 
(dynamically)  prior  to  the  strength  test. 

A  schematic  view  of  the  lost!  train  in  the  high  temperature 
flexure  furnace  is  shown  in  Figure  121.  The  graphite  fixture  containing  the 
specimen  is  heated  indirectly  by  radiation  from  a  cylindrical,  graphite 
resistance  heater  specifically  slotted  to  provide  a  high-resistance  path. 

The  fixture  is  positioned  on  a  water-cooled  copper  ram  which  transmits  the 
loading  during  testing  to  the  compression  load  cell.  A  bushing  in  the 
upper  lid  of  the  furnace  provides  added  alignment  to  the  carbon  lead  ram. 
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Power  la  supplied  to  the  furnace  by  a  satnrable-core  reactor- 
i  )  controlled  31  kw  ae  traaafo rear.  Specimen  temperatures  up  to  1650*C  are 

measured  by  a  platisum/platimuB-lC?  rhodium  thermocouple  and  temperatures  free 
|  \  1450  to  2200*C  a  t  u&go cen/ 1 uage t an- 26 1  rhenium  thermocoupl a  la  positioned 

near  the  eurface  of  the  rpeciman.  Above  these  temperatures,  a  Laeda  end 

Sortnrup  disappearing  fllamsne  optical  pyrometer  1j  uaed. 

I 

Figure  122  thorns  e  vl«m  of  furnace  Mounted  on  the  lastron  test 
machine.  For  the  elevated  temperature  ttais.  the  specimen  wee  heated  In  an 
ergon  atmosphere  to  the  required  teat  tessperaturs  and  then  heat-*m*)ted  for 
15  minutes.  The  load  la  applied  at  e  const tat  cross-head  travel  rate  of 
0.02  in. /til nuts,  the  atrip  chert  on  the  weals*  records  load  ve  tine. 

VI.  TKEBOL  PIFFPSIYITT 

A.  TIBSOKr 

i 

The  flash  usthd  of  determining  thermal  diffuaivity  (thermal 
conductivity)  consists  essentially  of  the  absorption  of  a  very  short  pulse 
1  of  radiant  energy  la  the  front  of  a  epecioen,  i;nd  the  recording  of  Che 

reerultaat  temperature  history  of  the  rear  eurface. 

| 

In  the  ideal  ceae  oi  a  perfectly  Insulated  specimen  with  a 
constant  absorptivity  arroa*  lc«  surface,  uniformly  irradiated  with  e  pulse 
of  thermal  energy  short  ec«pe»-«i  with  the  time  required  for  heat  to  f lov 
through  the  material,  the  >V*ck  surface  tamper sture  history  is  given  by 

TCi-lt)  v  ;  2  ? 

i  V - •  1+2  - - r  <~1)  exp  (*o  *  at/i  )  (Eq  1) 

»  s  •  i 
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VI,  A,  Theory  (coot.) 


where  T  (L,t)  represents  the  instantaneous  back  surface  temperature  rise  at 

tine  t,  T  la  the  naxlaun  back  surface  temperature  rise,  a  Is  tht  thermal 
“  2 

dlffuslvity  in  cm  /sec,  L  is  the  spv  n  thickness  in  cm,  aivl  n  represents 

successive  integers..  At  the  time  Nbere  T(L,c)  -  0.5  T  ,  Eq  1  reduces  to 

i/  *  m 


a  ■ 


1.37L2  _  Q.139L2 
*2  Cl/2  C 1/2 


(Eq  2) 


Hence,  the  thermal  dlffuslvity  of  a  material  can  be  determined  from  the  specl- 
men  thickness  and  the  time  in  seconds  required  for  the  back  surface  temperature 
to  reach  one-half  of  its  maximum  value. 

The  success  of  the  method  depends  upon  adequately  meeting  the  * 
boundary  conditions  which  lead  to  Equation  1.  Figure  123  is  a  dimensionless 
plot  of  Equation  1  and  represents  the  form  that  the  back  surface  temperature 
history  of  the  sample  will  take  if  these  boundary  conditions  are  satisfactorily 
mat.  A  dapartura  of  tha  data  from  this  curve  Illustrates  that  theae  conditions 
have  not  been  mat  and  invalidatas  the  data. 


A  condition  vital  in  the  use  of  Equation  1  is  that  the  front 
surface  of  the  sample  suet  be  uniformly  irradiated  with  a  pulse  of  thermal 
energy  in  4  time  which  le  short  compered  to  the  rise  time  of  the  back  surface 

temperature.  To  accomplish  this,  a  xenon  flash  lamp  la  used  as  the  source  of 

that  thermal  pulse.  The  lamp  used  la  a  General  Electric  type  524  through 
which  600  joules  ara  discharged.  The  pulse  is  essentially  completed  in 
500  microeec  while  the  tine  to  one-half  of  the  raaximum  of  the  rear  surface 
temperature  wee  for  the  mest  par..  50  to  300  microsec.  It  should  be  noted  in 
Equation  2  that,  for  a  given  materiel,  the  rise  time  of  the  rear  surface 

temperature  is  e  function  of  the  square  of  the  sample  thickness.  A  sample 
thickness  sufficient  to  satisfy  this  condition  of  a  short  pulse  duration 
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VI,  A,  Theory  (coot.) 

should  be  used,  However  for  a  given  evount  of  input  energy,  the  aalna 
teapereture  rise  attained,  T  ,  is  an  inverse  function  of  the  thickness  of  the 
sample,  and  to  maxlad.se  the  temperature  of  ft radiance,  the  distribution  of 
that  irradlanee  op  the  front  surface  of  the  sample  la  important  as  noted 
earlier.  It  is  a  simple  procedure  to  obtain  uniform  irradiation  on  a  smell 
flat  surface  from  e  flesh  lamp,  but  it  is  a  boundary  condition  vhich  must 
never thelsss  be  satisfied,  otherwise  the  ahape  shown  in  Figure  1  ejay  be 
distorted.  The  2  in. -die  helical  Leap  Is  placed  without  optics  only  r.  few 
centimeters  from  the  sample. 

The  other  boundary  condition  imposed  on  Equation  1  is  that  the 
specimen  be  perfectly  insulated.  The  degree  to  vhich  this  ia  satisfied 
within  the  time  limits  of  interest  is  indicated  by  the  decay  rate  of  the 
back  surface  teapereture  after  the  maximum  T  is  attained.  Because  of 
these  factors,  the  sasple  holder  should  be  designed  so  as  to  minimise  all 
heat  losaea.  Conductlva  heat  losses  are  minimized  by  supporting  the  sample 
on  a  small  area.  Provided  appropriate  care  is  exercised  b t  the  experimenter, 
conduction  heat  .losses,  as  well  as  convective  heat  losses,  are  negligible 
because  of  the  short  time*  involved  in  the  flash  technique.  Radiative  heat 
losses  at  high  temperatures  cannot  be  eliminated  and,  therefore,  could 
constitute  the  greatest  problem  in  thu  satisfaction  of  this  boundary  condition, 

b  EQbiPMarr  and  test  proceixtres 


The  ejrrierimentai  apparatus  used  in  these  measurements  is  shown 
schematically  ia  Figure  124.  The  induction  heater  coil  leads  are  fed  into 
the  vacuum  chamber  and  tons  a  coil  with  an  inside  diameter  of  about  one 
Inch.  The  sample  Is  held  in  position  In  the.  coil  by  a  mount  machined  from 
lava  and  bakad  to  a  ceramic.  Shields  of  boron  nitride  prevent  heating  of  the 
chamber  walla  by  radiation  from  fha  sample.  Fuoeb  quartz  is  used  for  the 


o 
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VI,  B,  Equipment  and  Teat  Procedure*  (cont.) 

top  window  because  the  large  thermal  gradients  close  to  the  hot  saaplea 
would  crack  glass  windows.  The  steady-state  temperature  at  which  measurements 
are  made  is  indicated  try  thermocouple  leads  fastened  to  the  edge  of  the 
saa^xe  and  fed  out  of  the  vacuum  spates.  An  optical  pyrc*aetar  is  used  at 
temperatures  above  which  platinum/platlnum-rhodlum  thermocouples  will  perform* 
A  glass  lens  below  the  sample  focuses  the  center  portion  of  the  rear  of  the 
sample  on  e  lead  sulfide  ceil  which  measures  the  surface  temperature  history 
over  a  range  from  300  tc  1800* C.  The  linearity  of  the  lead  sulfide  cell  Is 
adequate  since  the  temperature  change  of  the  sample  from  the  pulse  is  not 
■ore  than  a  few  degrees.  It  should  ba  noted  Chat  a  knowledge  of  the  absolute 
value  of  detector  sensitivity  or  the  thermal  input  to  the  saple  i»  not 
required  because  only  tj.,  is  involved  in  Equation  2,  and  this  time  esn  be 
obtained  from  the  calibrated  sweep  of  the  oscilloscope. 
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The  detector  is  connected  differentially  through  a  load  selector 
and  balance  control  unit  to  the  differential  preamp  of  an  oscilloscope.  The 
use  of  differencial  detector  circuitry  is  necessary  to  minimise  the  effects 
of  the  extremely  high  magnetic  field  which  surrounds  induction  heating  colls. 

A  trigger  delay  circuit  la  used  to  fir*  the  flesh  lamp  after  the  oscilloscope 
sweep  has  base  triggered.  This  is  necessary  to  havs  a  base  line  on  the  print 
from  which  tc  me&aur*  the  change  in  the  detector  output  voltage. 

Figure  125  la  a  Polaroid  print  of  the  oscllloscoplc  delay  of  the 
detector  output  for  a  aierocospoalte  specimen.  Vfrian  the  »;hapa  of  the 
temperature  rise  la  compared  with  Figure  1.23,  the  agreement  indicates  the 
boundary  requirements  have  been  satisfied  by  the  samples  reported  here. 

Since  heat  loaoes  f rou  the  saaple  would  show  up  as  a  decay  in  th«  detector 
output  after  the  initial  rise,  it  is  evident  from  this  print  that  the  theraal 
pula*  travels  through  the  sample  in  a  tlms  which  la  extremely  short  compared 
with  the  time  require'!  for  ti.3  sample  tc  r  a  turn  by  beat  losses  to  the  equilib¬ 
rium  temperature  at  which  the  measurement  is  made.  Nonunliora  illumination 
of  the  front  surface  could  distort:  the  knee  of  the  curve. 
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The  t«*t  method  used  for  thwul  exp aaslco  asasursaeGts  wu  similar 
to  Che  optical  technique  reported  by  Conway  sad  Loeekaap  (Reference  1)  nhart 
distances  between  reference  edge*  of  a  hovisontal  specimen  ara  observed  and 
measured  at  various  steedy-stato  temperatures  by  a  pair  of  filar  microscopes. 
Fiducial  aarka  ara  ground  in  tha  specimen  to  provide  a  gaga  diatanca  of 
2.C  in.  Tina  apacloan  la  laeated  by  therasl  radiation  from  a  6-in. -long,, 
hollow  cylindrical -typo  graph! t a  hooting  clement.  The  heating  element 
completely  ancowpaaaaa  the  specimen  and  radiation  ahialda  minimi  x«  heat  leakage 
and  mi  in  tain  a  uniform  specimen  temperature.  A  13  naif  heliua  gaa  atmosphere 
is  naistalnad  around  the  specimen  and  heating  a lament  during  all  testa.  Tha 
arrangement  of  tha  microscopes  on  the  furnace  la  shown  In  Figure  126.  The 
filar  adLcroacopaa  sight  on  tha  adgaa  cf  tha  fiducial  aarka  in  tha  specimen. 

Rooa  taaperaturs  aeasur amenta  of  tha  distance  between  edges  of  tha  spociaen 
vara  aada  before  each  teat  and  similar  aaaeur— enta  during  the  taat  were  aade 
at  ataady-atata  temperatures  ranging  from  25  to  2760*C.  The  microecopas 
us ad  provided  a  reading  accuracy  of  2  by  10  *  in.  The  specimen  temperature 
is  detendned  with  an  autoaatlc  recording  optical  brightness  pyrometer, 
which  views  the  specimen  fro®  the  end  of  the  furnace. 


Dete  correction  factors  ere  applied  to  teapersture  measurements  made 
through  tha  quarts  window  using  tha  optical  pyrometer  and  to  expansion 
measurements  made  with  the  microscope  through  e  column  of  hot  ges.  Temperature 
corrections  for  tha  dart?  window  are  determined  by  observing  a  hot  tungsten 
filament  leap  for  coo'  t  one  with  and  without  a  quarts  window  In  front  of 
tha  optical  pyrometer.  Optical  corrections  for  expansion  measurements  ara 
determined  from  teats  conducted  on  specimens  both  in  a  vacuum  and  the  general 
10  paig  helium  teat  atmosphere.  Expansion  measurements  in  a  vacuum  are  con¬ 
sidered  true.  This  latter  correction  is  aost  significant  and  very  important 
for  accurate  results.  All  of  the  correctives  described  are  applied  to  the 
expansion  data  in  an  IBM  1110  coaputav  progras  which  derives  s  "least  square 
fit"  for  the  corrected  dete  to  the  following  equation: 
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VII,  Thermal  Expansion  (coat.) 


-  -A,  (1-21)  +  A,  (T-21)2 
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length  between  edges  at  21*C 

temperature,  *C 
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VIII.  MELTISC  POI3T  D*TE*HIKATIQ3 


The  Flrani  melting  point  method,  as  described  In  Reference  2,  Is  used 
whereby  a  small  sample  bar  with  a  blech  bciy  bole  In  tbe  center  Is  heated 
,  reels tively.  The  temperature  of  the  black  body  is  measured  with  an  optical 

pyrometer.  Incipient  melting  Is  detected  by  observation  of  n  charge  in 
m&leelvity  within  the  black  body  hole  due  to  the  formation  of  melt  In  the 

i 

center  of  the  specimen. 

(  )  The  melting  point  furnace  consists  of  two  water- CvC  UJ  copper 

electrodes  enclosed  In  a  double- Jacketed  vacuum-tight  housing.  The  specimen, 
j  which  is  held  between  two  tungsten  platelets.  Is  clamped  directly  onto  the 
veter-cooled  electrodes  (Figure  127a)  A  constant  force,  applied  through  e 
\  lever  arm  by  weight*  (visible  In  Figure  127b  in  front  of  the  electrodes) 

i  } 

ensures  good  electrical  contact  between  specimen  end  electrode.  The  thermal 
expansion  of  the  specimen  le  accounted  for  by  having  one  movable  electrode. 

-  '  Figure  128  shove  e  typical  Plraai  salting  point  specimen  produced  from  the 

uirocompc*! :e  compositions . 

f  ) 
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F*e*-t  a-Fece  CLaspiag  of  the  Test  Speciaen 
sad  Cruelty  Belaace  Sy^tee 


.  Interior  Ylew  of  Melting  Poi.ut  Forsjace 


Figure  117.  Mrltiug  f-olut 
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Figur*  123.  Typic.* 
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Villi  Melting  Point  Determination  (cont.) 

A  gravity  balancing  system,  firmly  connected  the  movable  electrode 
OB  the  outside  of  the  chamber  allows  the  specimen  to  be  put  either  under 
41X1*1  tension  or  compression.  The  maximum  axial  force,  which  can  be  exerted 
in  this  vey  on  the  ssatpla  is  +2000  g  and  can  be  controlled  to  within  +30  g. 
▼be  furnace  sen  be  operated  either  under  vacuum  or  under  inert  gas  of  up  to 
«-l/X  atmospheres . 


The  power-  aupp?y  consists  ot  a  50  kva  saturable  core-reacroc,  step- 
down  transformer  eystem.  The  power  control  is  effected  by  way  of  the  dc- 
s apply  of  the  saturable  reactor  by  means  of  a  potentiometer  with  continuously 
variable  de-speed  drive.  Power  application  rates  can  he  varied  between 
20  and  If ,000  watts/sec,  and  are  controlled  by  foot  switches  at  the  operator's 
si^e. 


The  tesperature  of  the  cample  is  measured  optically  with  a  disappearir.g- 
filemcnt  type  micropyrometer  through  s  quartz  window  in  the  furnace  wall. 

A  snail  hole,  generally  in  the  order  of  0,6  to  1.0  mm  in  diameter,  drilled 
or  pressed  into  the  sample,  serves  as  the  reference  point  for  the  temperature 
toessureaents ,  T:  «.crop>  temetera  are  periodically  calibrated  against  standard 

leaps,  which  were  calibrated  au<l  certified  by  the  National  Bureau  of  Standards, 
As  a  further  means  of  assurance  of  the  caltb'  ttion,  the  pyrometers  are  peri¬ 
odically  c hacked  directly  against  a  standard  pyrometer,  calibrated  and  certified 
by  the  National  Bureau  of  Standards. 

XX.  MODULUS  Of  ELASTICITY 

A.  TKfORY 


The  dynamic  modulus  ot  elasticity  was  derived  dynamically  by 
the  use  of  a  composite  piezoelectric  resonator  which  operates  cm  the  theorem 


Pago  241 


o  o  o  o  o  o 


Report  AFRPL-Tk-68-143 ,  Appendix 


IX.  A,  Theory  C cont . ) 


that  a  linear  mechanical  vibrato*-  driven  by  a  condenser-cowled  emf  behaves 
electrically  Ilka  a  simple  combination  of  circuit  elements.  For  a  multi¬ 
component  resonator,  the  resonant  frequency  of  a  component  is  given  by  the 
following  equation: 


where : 


F 

8 


**s’**t’**r  "  mesa  of  sample,  total  resonator  assembly  and 
resonator  assembly  miaur,  the.  sample, 
respectively 

F  ,F  ,F  ■  the  corresponding  resonant  frequencies 

S  t  T 

The  values  for  F^  and  F  ate  measured  directly  and  F  is  then  calculated 
t  r  s 

from  values  of  F  and  Ff.  The  modulus  is  then  calculated  as  a  function  of 
tenpereture. 

Sa  *  P(2V*)2 

8  8  8 

p  **  specimen  density 

l  -  specimen  length 

6 

F#  specimen  resonant  frequency 

B.  EQUIPMENT  AND  TEST  PROCEDURES 

The  measurement  system  is  shown  schematically  in  Figure  129,  and 
a  view  of  the  test  equipment  ia  shown  in  Figure  130.  The  driver-gage 
combination  is  a  parmanant  assembly  made  by  bonding,  two  quartz  rods  together 
with  beeswax .  For  room  tampacature  modulus  measurement? ,  the  specimen  is 
bonded  directly  to  the  end  of  the  driver  rod  with  a  thin  film  of  beeswax. 
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Figure  129.  Schematic  of  Dynamic  Modulus  of  Elasticity  Apparatus 
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Figure  130.  View  of  Test  Equipment  tor  Measuring  Dynastic  Modulus 
of  Elasticity 
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IX*  1*  Iqulymant  and  lut  Procedure*  (cent.) 


for  —  smtwaaata  at  elevated  temperatures,  a  long  sapphire  rod,  cut  so  that 
It  baa  a  harmonic  resonance  at  the  fundamental  frequency  of  the  driver-gage 
unit,  la  inserted  between  the  speclaett  and  the  driver.  This  permits  the 
quarts  component*  to  be  maintained  near  room  temperature  while  the  specimen 
at  the  end  of  the  rod  la  Inserted  into  the  furnace.  The  major  experimental 
difficulty  for  high-temperature  measurements  is  obtaining  a  cement  which 
provides  sufficient  bonding  et  the  high  temperature.  Generally,  Sauer lesen 
cement  la  used  for  joining  the  specimen  to  the  sapphire  rod.  The  temperature 
limit  by  thin  technique  is  approximately  1200*C. 
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|  Rocket  Propulsion  Laboratory 
j  Air  Force  Systems  Command 


ePBY***C’ 

-  The  purpose  of  this  prog  *<*  was  to  develop  two  thera&l-shock- 
realetant  composite  carbide  systems  that  could  be  reliably  used  with 
high-flame  temparature  solid  rocket  propellants.  The -selected  systems 
were:  (1)  e  aicrocompoaite  consisting  of  a  tantalum/hafnium  mono¬ 
carbide  and  tentalum/hafniuis  alloy,  sad  (2)  a  tantalum-carbide  coated, 
tantalum  carbide/graphite  hypareutsctic. 

Fabrication  procedure*  were  developed,  and  ambient  and  elevated 
temperature  properties  were  characterised  for  both  the  microcomposite 
and  TaC/C  hyper eutectic  system*.  The  composites  were  evaluated  for 
thermal  shock  and  chemical  corrosion  resistance  in  a  hypertharmal 
environmental  simulator  using  subseals  inserts.  The  T.C/C  compoait* 
exhibited  outstanding  theroal  shock  resistance,  while  the  oicroconpoaiti 
showed  excellent  corrosion  resistance. 

Scale-up  of  the  fusion  casting  of  the  TaC/C  hypereuteci ie 
composite  to  produce  4. ’-in. -die  by  l-O-ln.-long  billets  wee 
demonstrated.  Two  solid  propellent  motor  firings  using  6500*7  propel¬ 
lent  were  conducted  co  nosrles  containing  TaC/C  hypsreutectic  throat 
inserts.  _ _ .. 
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